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INTRODUCTION, 


Comparatively little has been published regarding the geology 
and occurrence of oil in Mexico. Of the literature on this sub- 
ject the bulletin by Mr. J. Villarello, of the Mexican Geologic In- 
stitute, deserves special mention. Unfortunately it is written in 
Spanish and is not of ready reference to most American geologists. 

The greater part of subsequent geologic work in this region has 
been carried on by geologists in the employ of oil companies, who, 
for obvious reasons, have not published their information. The 
writer, however, has been fortunate in becoming acquainted, in a 
general way, with phases of the work of a number of these geolo- 
gists, particularly Messrs. Ralph Arnold, C. D. Keen, G. Jeffreys 
and L. P. Garrett. 

The data upon which the present paper is based were accumu- 
lated during personal examinations of the oil fields of North- 
eastern Mexico by the writer, in the months of June, July and 
August, 1911, and August and September, 1912, and from an 
exhaustive study of the complete records to date of some of the 
most important companies operating in the district. Owing to the 
large area involved and the comparatively short time devoted to 
the investigation, the conclusions drawn are tentative and relate 
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only to the controlling features. The entire work is thus of a 
preliminary nature. 
GENERAL STATEMENT. 


The greater part of the petroliferous area lies in the State of 
Veracruz, only a worthwest fraction being in San Luis Potosi. 
Veracruz is bounded on the north by the State of Tamaulipas, the 
northernmost of the Mexican states along the Gulf. 

The center of supplies for the oil fields is the harbor of Tam- 
pico, the wharfing and loading facilities of which are excellent. 
From Tampico the National Railways of Mexico penetrate the 
interior crossing the northern part of the oil district in a westerly 
direction. The petroliferous region south of Tampico, lying 
along the Laguna de Tamiahua and from 20 to 40 miles inland, is 
reached by water, the points on the coast being connected with the 
different properties by roads. The Huasteca Petroleum Com- 
pany’s lands are accessible by a narrow-gauge railroad, 35 miles 
long, from San Geronimo on the lagoon to the Casiano and 
Cerro Azul camps. Transportation along the coast and a few 
miles inland is greatly facilitated by numerous estuaries. The 
Tamesi, Panuco and Tuxpan rivers are navigable for many miles, 
and the properties located near these water-courses are easily 
reached from Tampico or Tuxpan. 

Most of the machinery and supplies are imported from the 
United States to Tampico or Tuxpan. 


TOPOGRAPHY AND WATER SUPPLY. 


The topography of the States of Tamaulipas and Veracruz, and 
of Texas and Louisiana to the north, is controlled by the Gulf 
Coastal Plain, which, in northern Veracruz, has an average width 
of about 60 miles. The sedimentaries of the plain are folded and 
upturned and disturbed locally by volcanic intrusions to the west 
along the east flank of the Sierra Madre Oriental. The transi- 
tional topography between that of the rugged flanks of the Sierra 
and the lowlands of the coast is made up of a series of terraces and 
irregular hills and valleys, which represent at the surface the more 
or less severe folding and displacements of the underlying base- 
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ment. In the northern part the plain is made up of marls and 
clays, which, owing to their nearly horizontal position and im- 
pervious nature, give rise to numerous lagoons and marshes, par- 
ticularly near Tampico and for 30 miles inland, where the flooded 
district constitutes at times about one-half the total area. The 
importance of the volcanic intrusions is accentuated to the south 
of Tampico and culminates in the Sierra de Otontopec, which 
attains an elevation of about 3,500 feet. North and east of this 
the impervious shales disappear under fossiliferous limestones and 
sands which, due to their porosity, allow of an easier drainage, 
thus precluding the formation of the marshes so common in the 
northern region. There is a marked irregularity in the direction 
of the ridges and valleys throughout the plain which clearly indi- 
cates that erosion has played an important part in modeling the 
minor relief. , 

A topographic feature of the greatest economic importance as 
a means of transportation aloug this coast, where good natural 
harbors are the exception, is the Tamiahua Lagoon. This body 
of shallow water, with a maximum width of 10 miles, skirts the 
coast for about 90 miles between Tampico and Tuxpan, and is 
separated from the Gulf of Mexico by a strip of land nowhere 
over four miles wide. The lagoon proper is connected with the 
Panuco River and Tampico, on the north, by an artificial canal 
about 20 miles in length, and with the Tuxpan River, on the south, 
by a similar passage. It is, therefore, possible to transport freight 
throughout the year from Tampico to points to the south, the 
accessibility of which would otherwise be very uncertain during 
the stormy season. 

The rainfall of the coastal plain is heavy, although irregularly 
distributed throughout the year. A great quantity of it, however, 
is absorbed by the mantle of vegetation, and the run-off is com- 
paratively light. The most important streams are the Tamesi and 
Panuco to the north which join before reaching the Gulf of Mex- 
ico forming the harbor of Tampico, and the Tuxpan River to the 
south. The La Laja, Tanconchin and other rivers between the 
Tamesi and Tuxpan, although of less magnitude, are also im- 
portant. 
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All of these rivers afford a perennial supply, but with the ex- 
ception of that furnished by the La Laja and Tanconchin, the 
quality of the water is not of the best. During the rainy season 
the volume of water carried by the streams is sufficient to over- 
come the inflow of salt water from the estuaries, but at other 
times this salt water creeps upstream for many miles necessitating 
the intakes for fresh water to be located at a considerable distance 
from the outlets of the rivers. Considering the great thickness 
and impervious nature of the shales which make up the plain, there 
is little probability of encountering an underground water supply 
of practical value. 

GEOLOGY. 


General Statement.—The greater part of the mainland of Mex- 
ico is made up of Tertiary and later effusive rocks and sedimen- 
taries of Cretaceous age. The igneous rocks form a belt from 
150 to 300 miles wide, spurs of which skirt the coast of the north- 
western State of Sonora, and after receding from the coast con- 
tinue to the southeast, crossing the central part of Mexico in a 
more easterly trend along the general latitude of Mexico City. 
This igneous belt, which attains its greatest development in the 
Sierra Tarahumare in Chihuahua, the Sierra Madre in the States 
of Durango and Zacatecas and in the central states to the north of 
the City of Mexico, forms the high central plateau which has an 
average elevation between 5,000 and 8,000 feet. North and east 
of this belt along the plateau and down the steep decline to the 
Gulf extends the larger of the Cretaceous areas, which is folded 
and contorted along the eastern escarpment of the Sierra Madre 
Oriental and reaches the coast as a gentle low-dipping monocline 
covered in places with Tertiaries and a thin veneer of Quaternary. 
The petroliferous zone is situated on this monocline, which forms 
the coastal plain along the Gulf of Mexico, its geologic features 
being modified locally by the remnants or out-posts of the belt of 
effusive igneous rocks to the west. 

The formations involved in the geology of the Mexican Gulf 
coastal plain oil territory are shown in the accompanying table, 
the tentative classification adopted in the present paper correlating 
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TENTATIVE CORRELATION OF THE TERTIARY AND CRETACEOUS FORMATIONS OF 
NorTHEASTERN MExIco, 


Phpcene Quaternary and recent de- 
posits 
> 
e Miocene Tuxpan Later Tertiary: Clays, lime- 
5 — stones and sands. 
. San Fernando (yellow clays, 700’ + 
& | Oligocene limestones and sands) 
Alazan shales 
Mendez shales (in part 
: (in: par Cretaceous-Eocene : Shales. 
Papagallos shales 3000’ + 
Mendez shales (in part) 
Vv 
= San Felipe limestones and 
shales Upper Cretaceous : Lime- 
stones and shales. 
8 Cardenas 500’ = 
& | Tamasopo limestone 
< 
a 
Lower Cretaceous : Lime- 
stones. 
8 El Abra limestone 


the formations, in order of their age beginning with the oldest, as 
follows: 
1. Lower Cretaceous limestones, comprising a series with an 
estimated thickness of about 3,000 feet; 
2. Upper Cretaceous limestones and shales, having an aggre- 
gate thickness of about 500 feet; 
3. Cretaceous-Eocene shales about 3,000 feet thick; 
4. Later Tertiary fossiliferous limestones, sands and clays, 
about 700 feet in thickness of Oligocene and later age; 
5. Igneous intrusions of late Tertiary or possibly early Quarter- 
nary age; 
6. A thin cover of Quaternary and recent deposits. 
Lower Cretaceous Limestones.—The following statement by 
Willis! will make clear the interpretation given by Mexican and 


1 Willis, Bailey, “Index to the stratigraphy of North America,” U. S. Geol. 
Survey, Prof. paper no. 71, p. 580, 1912. 
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American geologists to the subdivision of the Cretaceous in 
Mexico. 

“Two classifications have been applied to them. One is that of Hill, 
who recognized the Comanche series in its characteristic development 
and also the Upper Cretaceous. The Mexican Survey, on the other 
hand, divides all the strata of the Cretaceous system into three series, 
which it designates as Eo-, Meso-, and Neo-Cretaceous and which are 
correlated on paleontologic evidence with European divisions. The 
Eo- and Meso-Cretaceous of this classification correspond with the 
Comanche of Hill’s classification, and the Neo-Cretaceous is Upper Cre- 
taceous, later than Dakota.” 


The older rocks directly affecting the formation and accumula- 
tion of oil in this region are a series of limestones which make up 
the core of the Sierra Madre Oriental along the western rim of 
the coastal plain. These are for the most part gray in color and 
massive in texture, usually folded and faulted in places. They 
attain a thickness estimated at 3,000 feet. This series has been 
assigned b:y a number of geologists to the Lower Cretaceous and 
named after the Tamasopo Cafion, where a good section is ex- 
posed. Although the greater part of the limestone core of the 
Sierra Madre is of Lower Cretaceous age, the exact age of the 
particular limestones exposed in the Tamasopo gorge is somewhat 
uncertain. Dr. Bose, of the Mexican Geological Survey, states* 
that the Upper Cretaceous shales are underlain in the Sierra del 
Abra de Caballeros, near the station of San Dieguito on the Mexi- 
can Railways, by limestones from which Boehm described a 
Rudistes, Spherucoprina occidentalis Conrad, and Sauvagesia sp., 
which would indicate that these rocks represent the Fredericks- 
burg division of the Lower Cretaceous of Texas. The same 
Rudistes limestones appear near Micos station. Near the exit of 
Micos Cajfion Bose describes? shales and marls with limy layers 
undoubtedly of Upper Cretaceous age overlying the limestones 
which here probably represent the Cenomanian or Vraconian. 
Bose also notes* that the limestones exposed in the cafion of 

2 Bose, E., “Section de San Luis Potosi a Tampico,” 1oth International 
Geologic Congress, Guides des excursions no. 30, pp. 11 and 12, 1906. 


3 Op. cit., p. 13. 
4 Op. cit., p. 15. 
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Tamasopo are overlain near the station of Canoas (on the Mex- 
ican Railways) by sandy limestones and shales which contain 
lower Senonian or Upper Cretaceous fossils, and thinks it is un- 
fortunate that the limestones of the Tamasopo gorge do not con- 
tain determinable fossils. He suggests, however, that as these 
limestones are encountered lower down than the lower Senonian 
and contain Caprinula, a fact which probably correlates them 
with the horizon of the Encantata (Guadalupe, Chih.) and rep- 
resents the Vraconian, we may suppose that the limestones in the 
Tamasopo gorge represent the whole of the Turonian and Ceno- 
manian, and may also include the Emscherian. He notes, how- 
ever, that he is unable to give positive proof of this assertion. 

Villarello assigns® some of the limestones at Micos, Canoas, 
Cardenas, and other localities to the Middle Cretaceous. 

Summarizing the foregoing, it appears that the limestones which 
occur at Sierra del Abra de Caballeros and Micos are older than 
the Tamasopo, the three horizons probably representing the 
Lower and Middle divisions of the Mexican Cretaceous. The 
entire series, however, practically corresponds to the Lower Cre- 
taceous of the United States and has been classified as such. As 
the Upper Cretaceous is underlain at some places by beds belong- 
ing to the Middle Cretaceous and at others by Lower Cretaceous, 
the existence of an unconformity or overlap between some of 
the members of the series is suggested. 

The character of the limestones varies in different localities, and 
in places they become decidedly dolomitic; these beds are spar- 
ingly fossiliferous throughout but, owing to their nature, only a 
few specimens can be identified. Among these Nerinea and 
Rudistes seem to predominate. 

Relation to Petroleum.—There are slight evidences of petro- 
leum throughout the series, some of the beds having a slight petro- 
liferous odor. Jeffreys records that in the small pores of the 
dolomitized limestones minute particles of petroleum exist, but 
finds no reason to assume that the oil is indigenous to the lime- 
stone. It is evident, however, that these and possibly the un- 


5 Villarello, J. D., “ Algunas regiones petroliferas de Mexico,” Bol. Inst. 
Geo. de Mex., no. 26, p. 34, 1908. 
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derlying beds play a very important part in the formation and 
accumulation of oil, and it is possible that at one time they fur- 
nished the organic matter from which the oil originated and from 
which it was distilled and condensed, perhaps coincident with the 
change which altered the beds to their present state. It is also 
probable that the top of this formation affords ideal reservoirs of 
connected chambers for the accumulation of oil in large quantities. 
This is particularly true in places where shattering, due to igneous 
intrusions subsequent to the formation of the effective cap-rock 
of shales has occurred; or where similar results were obtained 
through erosion or other causes previous to the deposition of 
overlying beds. 

Upper Cretaceous Limestones and Shales——Overlying the 
Lower Cretaceous limestones is a series of interbedded limestones 
and shales, the importance of the shale members increasing toward 
the top. These or corresponding beds are exposed at San Felipe 
above Las Palmas at San Bartolo and all along the railroad be- 
tween Canoas and Cardenas. 

Overlying the Tamasopo limestones at Cardenas, Bose de- 
scribes® a formation about 1,970 feet in thickness which contains 
a prolific fauna of undoubtedly lower Senonian age, the forma- 
tion being characterized by Exogyra costata Say, Orbitoides, 
Coralliochama G. Boehmi, and other Upper Cretaceous fossils. 
The lithology of the Upper Cretaceous beds undoubtedly changes 
to the east, and in San Felipe above Las Palmas on the Mexi- 
can Railways, the Lower Cretaceous limestones are overlain by 
about 500 feet of unfossiliferous limestones and shales which are 
probably the equivalent of the beds encountered in drilling in parts 
of the plain to the east, as shown by the logs of the Topila and 
Panuco wells. 

Villarello assigns" practically all the beds between the Sierra Te- 
mapache and Sierra del Abra to the Upper Cretaceous, and notes 
the occurrence of small coal veins (5 cm.) at Huehuetan and Tier- 
ras Coloradas. 


® Bose, E., “La fauna de moluscos del Senoniano de Cardenas,” Bol. Inst. 
Geo. de Mex., no. 24, pp. 16 and 21, 1906. 
7 Op. cit., p. 34. 
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W. F. Cummins believes the San Felipe probably as late as the 
Austin Chalk of Texas. The limestones of this series are less 
compact than those of the Tamasopo, and in places form ideal 
reservoirs for oil. The shales are of a bluish gray tint and for the 
most part of a clayey nature, although they become sandy in 
places. 

Relation to Petroleum.—There is no doubt that the Upper 
Cretaceous limestones and shales form one of the most important 
sources of oil in the region. This formation, of alternating 
clays and limestones, forms an ideal reservoir, particularly where 
fractured or folded, as is the case near intrusions. Its strati- 
graphic position immediately above the supposed source of oil, and 
thick capping of impervious shales are particularly favorable 
to accumulation. Most of the wells encounter the commercially 
productive oil measures below a fairly uniform series of shales 
immediately after perforating minor thicknesses of limestones. 
As far as the well records indicate the main oil reservoir in this 
region is encountered within the Upper Cretaceous beds. The 
following log of one of the Topila wells gives an idea of the 
character of the upper portion of these beds and the lower portion 
of the overlying shales. 


TyYPpIcAL LoG oF ToPILA WELLS. 


IO Shale and soft gumbo. 

Streaks of shale and gumbo. 
Shale and gumbo—small gas show. 

Shale and gumbo. 
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Limerock. 

en ... Hard lime. 

.... Soft gray shale. 

Dark lime. 

.- Brown lime. 

‘Ass Dark sand, oil and gas. 


Cretaceous-Eocene Shales.—In apparent unconformity with the 
Upper Cretaceous beds is a series of uniform marls and clays 
2,000 to 3,000 feet thick. Until lately these were considered un- 
fossiliferous and were assigned by several geologists to the Upper 
Cretaceous. Bose believes* them to be of probable Tertiary 
age, and Villarello classifies® most of the formation forming the 
subsoil of the Ebano plain and the Tempoal River bed as Neocene. 
In this river near Cristo he found fossils which correlate the beds 
with the Negocene of Tuxpan. Others include these marls and 
underlying limestones and shales under the name of Mendez in 
what is considered the equivalent of the Laramie beds, viz., inter- 
mediate between the true Cretaceous and Tertiary. Dumble as- 
signs’® the lower portion to the Upper Cretaceous under the name 
of Papagallos shales, a term which he applies to bluish compact 
shales more or less calcareous and unfossiliferous exposed near 

8 Op. cit., p. 14. 


® Op. cit., PP. 34, 39, 48, etc. 
10 Dumble, E. T., “ Tertiary Deposits of Northeastern Mexico,” Science, 


vol. 33, no. 841, pp. 232-234, 1911. 
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the Salado River west of Rodriguez north of Tampico. He cor- 
relates these shales with the Escondido beds which are highly fos- 
siliferous in the Rio Grande. As a result of later investigations 
Dumble’! assigns the upper part of the series to the Eocene under 
the name of Alazan shales, a term derived from a locality on 
the Buenavista River near the village of Alazan 25 miles north- 
west of Tuxpan and 75 miles south of Tampico, where a number 
of typical Eocene fossils were encountered. This locality is more 
fully described in a letter to the author by Mr. C. D. Keen, who 
accompanied Cummins when he made his discovery. 


“On August 3, 1911, Professor Cummins and myself reached Rancho 
Alazan which lies north of the Pearsons’ Potrero camp. A trail leads 
out of Alazan due west to the Rio Buenavista; where this road crosses 
the river the marls are exposed in several places. About half a mile 
south of this crossing we found in the west bank several well-preserved 
but very small fossils, mainly Cerithium, Mya and a few Fusus. The ac- 
tual size of the Cerithia did not exceed two-fifths of an inch; one Mya 
we found was about one-fifth of an inch. These fossils made the im- 
pression upon Professor Cummins and me that they belonged doubtless 
to the Tertiary. As the beds containing the fossils belong near the upper 
part of the series, it is possible that the lowest marls may grade into the 
Cretaceous.” 


Dumble adds?? that 


“The Eocene shales may extend northward through the valley in 
which the Tampico and Monterey railroad runs, since we found similar 
fossils in a well at Topila at a depth of 1,810 feet. From this locality we 
have the following forms as determined by Mr. G. C. Gester: 

“1, Dentalium stramineum Gabb. 

“2. Surcula monolifera. 

“3. Turris n. sp. (near but not Claytonensis). 

“4. Olivella near-mathewsonii. 

“5. Corbula (species not determined but identical with a specimen 
from Marysville Buttes Tejon). 

“6. Tritonium (Murex) n. sp. (identical with material from Marys- 
ville Buttes Tejon). 

“7. Conus remondii. 

“8, Neverita secta or Lunatia hornii (Gabb). 


11 Dumble, E. T., “ Tertiary Deposits of Eastern Mexico,” Science, vol. 35, 
No. 910, pp. 906-908, 1912. 
12 Op. cit., p. 907. 
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“9, Neverita secta var. 

10. Tritonium sp. (identical with specimen from Marysville Buttes). 
11. Turris n. sp. 

12. Turritella. 

13. Cerithiwm. 

14. Eulima? 

15. Acteon? 

“Out of the fifteen species here enumerated, five are identical with 
Tejon species and six others are very closely related to them. Not only 
are the fossils of this area of Pacific Coast types but the sediments are 
similar to those of that area and entirely different from those of the 
Texas region.” 


The shales attain a thickness of 1,000 feet at Mendez and have 
been perforated near Los Esteros for a depth of 1,500 feet; 
Panuco 1,360 feet ; Topila 2,080 feet; Dos Bocas about 1,800 feet ; 
and Tuxpan 3,100 feet. 

Relation to Petroleum.—Although this formation is espe- 
cially important in connection with the accumulation of oil, as 
affording an effective cap-rock of impervious material above the 
main oil reservoirs, it is also of great importance as a commercial 
reservoir of oil when structural conditions are favorable. Some 
of the wells throughout the plain derive oil from these shales, par- 
ticularly its lower members, without reaching the Upper Creta- 
ceous limestones and shales.'® 

Later Tertiary Limestones and Sands.—Unconformably overly- 
ing the marls there is a succession of fossiliferous grayish lime- 
stones and shales with minor amounts of conglomerate and sand 
having an average thickness of about 700 feet. In the northern 
part of the region examined this series appears only in a few 
isolated patches at Corcovado, Cebadilla and other points, while 
between Tampico and Tuxpan they cover an irregular broken 
belt along the lagoon having an average width of 25 miles. Good 
exposures are found near Tuxpan at Los Esteros, Topila, and 
Tampico; also at Ozuluama and Temapache in Vercruz, and Tan- 
lajan in San Luis Potosi. 

13 Garfias, V. R., “ The Effect of Igneous Intrusions on the Accumulation 


of Oil in Northeastern Mexico,” Jour. of Geol., vol. 20, no. 7, pp. 666-672, 
1912. 
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Villarello correlates“ the marls and yellowish limestone found 
in a hill north of Tuxpan with the Miocene and the lower part of 
the Pliocene, and the nummulitic yellow limestone east of San 
Rafael ranch north of Tampico with the Eocene.?® 

Later Dumble divided this series into the San Fernando beds of 
Oligocene age and the Tuxpan of probable Miocene, the follow- 
ing being his description of the beds and type localities.’® 


“The San Fernando beds, which are regarded as Oligocene, were first 
observed at San Fernando on the Conchos or Presas River and have an 
extensive development to the south, entirely overlapping or replacing the 
Eocene deposits and resting directly upon the Cretaceous. This forma- 
tion, with its beds of nummulitic limestone and great numbers of cris- 
tellaria, carries an extensive and varied fauna and has a much greater 
development than previously observed. It is succeeded by other beds 
of similar composition, but of distinctly later age, which in turn over- 
lap it and reach the underlying Cretaceous shales. These later beds 
continue down the coast as far as Tecolutla. They are well exposed at 
Tuxpan, where they have a highly characteristic fauna, including two 
very heavy oysters which are nearly round. 

“There are also casts of a large variety of other forms of bivalves 
and gasteropods, and as a whole the fauna is later than that of the 
San Fernando beds and is probably Miocene. We have called these the 
Tuxpan beds.” 


In a later paper Dumble refers to the San Fernando as follows :17 


“The Alazan shales (Eocene) are overlain directly by the yellow 
clays of the San Fernando, which are well exposed both west of the 
Buenavista River near Alazan and eastward between Solis and Meson. 
Large quantities of fossils are found, including Orbitoides papyrycaea, 
echinoderms, pectens and many species of this as yet unstudied fauna. 
These yellow clays and sands are the surface material over a large 
portion of the coast country between Tuxpan and Tampico and its 
fossils were found at a number of places in this area. It is succeeded 
by beds of similar composition but later age, which are found only in a 
narrow belt along the coast itself. 

“Tt appears that from the beginning of the Oligocene to the Pliocene 
there was comparatively little change in the character of the sediments, 


14 Op. cit., p. 55. 
15 Op. cit., p. 22. 
16 Science, vol. 33, p. 233, I9II. 
17 Science, vol. 35, p. 907, 1912. 
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yellow clays and sands making up the bulk of the deposits. The dif- 
ference of age is, however, marked by change in faunas and the San 
Fernando is succeeded by the Tuxpan Miccene, which we found near 
La Loma.” 

Relation to Petroleum.—These beds are of little importance 
in connection with the commercial accumulation of oil in this 
region, and only form a rather porous covering over the impervious 
Eocene-Cretaceous shales. Under favorable conditions, however, 
where the shales have been fractured allowing the oil to migrate 
to the overlying porous beds, accumulations of oil take place 
within this formation. 

Quaternary and Recent Deposits ——For the most part the Qua- 
ternary formation consists of recent lagoon deposits of shells, con- 
glomerates and sands, which are prominent along margins of the 
Tamiahua Lagoon, fringing the coast and streams; they are com- 
paratively unimportant. 

Igneous Intrusions—The marked characteristic of the geology 
of the Mexican oil fields in this section is the large number and 
magnitude of the volcanic intrusions, the remnants of which 
are represented by dykes, sills, and in places isolated basaltic 
cones, breaking the monotony of the Coastal Plain. The volcanic 
activity is more pronounced in the southern part of the area, at- 
taining its greatest development in the Otontepec range, an irreg- 
ular mass about 3,500 feet high. The location of many of 
the intrusions was probably controlled by well-defined fault 
lines and cross-faulting, or any decided weakness of the under- 
lying basement might also have played an important part in their 
distribution. The intrusions occurred during late Tertiary or pos- 
sibly early Quaternary times, and consist of basalt accompanied 
in places by volcanic ash and conglomerate. Most of the surface 
indications of oil are closely associated with the basalts and hun- 
dreds of such phenomena occur throughout the plain. Among the 
localities where oil seepages are abundant might be mentioned 
La Pez, Chijol, Panuco, San Geronimo, La Merced, Rancho 
Abajo, Monte Alto, Los Higueros, Dos Bocas, Casiano, Cer- 
vantes, Tres Hermanos, Tinaja, Ojo de Brea, Chapopotillo, Monte 
Grande, Moralillo, Cerro Azul, Juan Felipe, Las Borrachas, Pie- 
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dra Labrada, Cerro Viejo, Potrero del Llano, Tierra Amarilla, 
and Chapopote Nunez. 

The intimate association of the igneous intrusions and some of 
the producing fields is so apparent as to be unquestionable, and 
the problems in this connection relate chiefly to the effect of the 
basalt on the structure and texture of the intruded beds which re- 
sulted in their becoming capable of storing large quantities of oil 
under tremendous gas pressure. 

In a previous publication’® the writer recorded certain experi- 
mental data regarding the probable effect of types of igneous in- 
trusions on the accumulation of the oil, and it may be of interest to 
note here some of the theoretical conclusions reached. 

The general conception of the form of these intrusions is that 
of a more or less irregular cone, in a normal position, the vertex 
of which may or may not reach the surface. Were these condi- 
tions fulfilled in the Mexican coastal plain, a well drilled near an 
outcrop of basalt would eventually strike the side of the cone and 
thus preclude further progress. This assumption is certainly 
not corroborated by actual experience in the fields, as many of the 
best producers are located in very close proximity to intrusions, 
and in some cases the basalt has been penetrated for several feet 
and the well continued to the oil reservoirs below. 

In order to account for these discrepancies the writer performed 
rather a crude experiment, described in the paper previously re- 
ferred to, which led to the following tentative conclusions. 

The thicknesses of the basalt intrusions as they pass through the 
Cretaceous-Eocene shales toward the surface increase roughly in 
a uniform ratio. 

The horizontal zone of folding of the shales around the intru- 
sions increases toward the surface. 

The horizontal zone of fracturing varies with that of folding, 
but the number of fractures is greater in the deeper beds. 

The fractures seem to occur along roughly vertical planes, thus 
forming deep well-like channels. 


18 Garfias, V. R., “ The Effect of Igneous Intrusions on the Accumulation 
of Oil in Northeastern Mexico,” Journal of Geology, vol. 20, no. 7, pp. 666- 
672, 1912. 
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These vertical holes, partially filled with basalt and shale, could 
be effectivly capped before reaching the surface, owing to the 
smaller number of fractures in the higher beds and the increasing 
cross-section of the intrusion toward the surface. 

It is well to emphasize again the fact that although the most 
productive wells drilled to date are located near intrusions, these 
are by no means essential to large accumulations of oil, as any 
cavities below the impervious cap-rock, due to causes other than 
intrusions, may, under favorable conditions, form reservoirs of 
economic importance. 


STRUCTURE, 


The Sierra Madre Oriental has slightly tilted to the east the 
main portion of the sedimentaries between the mountains and the 
coast. This low monoclinal structure has been modified to the 
south by the volcanic intrusions near Tantima which, trending in a 
southeasterly direction, have in this region upturned the mono- 
cline slightly to the northeast. The formations overlying the 
limestones are considerably folded near the mountains, undulating 
more gently toward the east. The folds and faults throughout 
the lowlands are not continuous for great distances, nor is their 
direction uniform. This indicates that they owe their existence 
not to a regional upheaval but to local disturbances, some of which 
are represented at the surface by igneous flows, while others have 
only succeeded in upheaving the overlying formations. 

Three more or less distinct anticlines running approximately 
north and south have been traced; one passes near Ebano; an- 
other between Mendez and Chila; and the third between Tamos 
and Ochoa. In the section between Panuco and Topila there 
are at least two more such folds, and a well defined line of weak- 
ness marked at the surface by oil seepages appears from Otontopec 
to Tantima and from this point to Dos Bocas. 

Numerous faults occur throughout the plain, and their location 
is of the utmost importance in the producing fields, marking at 
times the limit of the migration of oil or water. Owing to the 
meagreness of surface evidence the structure of the promising 
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areas cannot be worked even approximately, and the value of drill- 
ing data in disclosing the limits of productive zones and the gen- 
eral habit of oil accumulations is of paramount importance. 


ORIGIN OF THE OIL. 


As little is definitely known about the origin of the oil in the 
Mexican Coastal Plain, the following tentative conclusions and 
suggestions: are advanced as subjects for future discussion. 

1. For obvious reasons the oil did not originate in the 700 + 
feet of sandy limestones, conglomerates, and clays of Tertiary age, 
the remains of which are now exposed in scattered patches. 

2. If the 3,000 + feet of Cretaceous-Eocene shales were the 
source of the oil, they would show a more or less bituminous 
character, or at least be of such an onganic nature as to account for 
their furnishing the gre-t quantities of oil in these fields. The 
shales which are exposed over nearly the whole northern area, 
however, show signs of oil only near intrusions, and in all the ex- 
posures examined were of a uniform inorganic nature. 

3. The migration of oil in impervious shales of this nature takes 
place largely along bedding planes, and any barrier, such as the 
basalt intrusions, cutting across the planes of migration, will 
effectively intercept the flow. If resultant conditions are favor- 
able, the vicinity of the barrier will become an ideal zone of con- 
centration for the flow of all the lateral channels penetrated and, 
owing to the large drainage area contributing to the accumulation, 
this will be comparatively large, even if the amount of organic 
matter in the shales is small. In other words, the basalts which 
intrude the Cretaceous-Eocene shales certainly afford one of the 
most effective means of concentrating whatever hydrocarbons 
might have been disseminated throughout these beds. 

4. Finally, it is apparent that if the Cretaceous limestones 
yielded the oil, it must have been before the event which changed 
them to their present compact and rather crystalline nature, and it 
is probable that such a condensation of the oil was coincident with 
the change in the nature of the beds. The oil could then have 
migrated toward the upper beds, aided by the action of water, and 
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collected in the Upper Cretaceous limestones and shales, to be con- 
centrated in the favorable zones created by the igneous intrusions 
or previous erosion. Such migration had necessarily to take place 
after the deposition of the Cretaceous-Eocene shale cap-rock. 

Villarello is of the opinion’® that the petroleum seems to be a 
product of the decomposition of the animal matter furnished by 
a marine fauna which perished gradually with the oscillation of the 
region. He further states? that at Publiche, in San Luis Potosi, 
the Cretaceous limestones are impregnated with unaltered petro- 
leum, and he concludes that from the slow decomposition of their 
animal organic matter the oil originated. 


DEVELOPMENT. 


The first oil wells in Mexico were drilled in 1882 near San Juan 
Bautista, Tabasco, by Mr. Sarlat, but little oil was obtained and 
the venture was soon abandoned. Between 1900 and 1904 the 
Mexican Petroleum and Liquid Fuel Company, Ltd., drilled 23 
wells in the southern Huasteca and Tuxpan districts with no com- 
mercial success. The first commercially productive well was not 
finished until 1901, when Messrs. E. L. Doheny and C. A. Can- 
field initiated the successful development of the Ebano property. 
Drilling work was actually begun in February, 1901. The first 
well, which was completed on May 14 of the same year, yielded 
about 50 barrels of heavy oil a day. 

On the twenty-fourth of December, 1901, the Mexican Gov- 
ernment issued a law with the object of encouraging prospecting 
for oil, in which, among other franchises, the free export of 
products, free import of machinery (on one occasion), and ex- 
ception from some taxes for a period of ten years were granted to 
the operator. 

Soon afterwards the English engineering firm of S. Pearson & 
Son, Ltd., started operations in the Isthmus of Tehuantepec in the 
southern part of Mexico, and in 1906 extended their work to the 
Huasteca region south of Tampico. On May 12, 1906, this com- 


19 Op. cit, p. 84. 
20 Op. cit., p. 106. 
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pany entered into a contract with the Mexican Government for the 
purpose of exploiting government lands in the States of Chiapas, 
Campeche, Tabasco, Veracruz, in the southern district of Ta- 
maulipas and Valles County of San Luis Potosi. 

To the Doheny-Canfield and Pearsons group, who still retain 
the controlling influence in the oil situation of Mexico, is due the 
credit for initiating one of the developments of an oil region which 
bids fair to become the most productive ever discovered. 

E. De Golyer estimates*! that up to December 31, 1912, 252 
wells had been drilled in Mexico since the beginning of the indus- 
try, and of these 64 were producing, five of which yielded more 
than 90 per cent. of the total production of the year. 

The fields at present producing may be grouped according to 
their location into four districts. , 

1. The Ebano district, located about 40 miles west of Tampico 
and comprising the Ebano and Chijol fields, south and north, re- 
spectively, on the line of the National Railways of Mexico from 
San Luis Potosi to Tampico. 

2. The Panuco district, comprising the productive areas be- 
tween the Tamesi and Panuco rivers, of which Panuco and Topila, 
20 and 30 miles southwest of Tampico, respectively, are the most 
important. 

3. The Huasteca district comprising the fields south of Tam- 
pico and north of the Tuxpan River from the shores of the Ta- 
miahua Lagoon to 30 miles inland. The most important fields are 
the Casiano of the Doheny interest, and the Potrero del Llano of 
the Pearsons’ interest. 

4. The Tuxpan district, which includes the new fields near the 
Tuxpan River and the Furbero wells 40 miles southwest of Tux- 
pan. 

Ebano District—The Ebano district comprises the La Pez, 
Santa Margarita, Laguna, and Chijol groups of wells, the prop- 
erty of the Mexican Petroleum Company. ‘These fields are the 
oldest in the region and produce heavy asphaltic oil averaging 
about 12° Baumé (0.9859 sp. gr.). Some of the wells of the La 

21“ Mineral Resources of the United States,” U. S. Geol. Surv., p. 116, 1912. 
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Pez group are remarkable for their longevity and productivity. 
No. 1 has produced since April, 1904, to date at an average rate 
of 1,500 barrels a day. The oil from this district is used for the 
manufacture of asphalt at Ebano and for fuel by the railroads 
and is transported entirely in tank cars. 

Panuco District—The productive areas along the Tamesi and 
Panuco rivers are included in this district, the most important of 
which are Topila and Panuco. The bulk of the production of 
these fields ranges from 12° to 13° Baumé (0.9859 to 0.9790 
sp. gr.), thus rendering its transportation through pipe lines un- 
economical. Until this year only comparatively small producers 
were obtained in these fields, although several flowing wells have 
been encountered at Panuco and Topila, this last field having 
suffered somewhat of late by the inflow of salt water. The Pan- 
uco field suddenly came into prominence by the “ bringing in,” 
early in 1914, of the Corona well No. 5 in the Pazzi tract with a 
capacity variously estimated from 15,000 to 100,000 barrels a day. 
Flowing wells have also been “brought in” by the Freeport- 
Mexican Fuel Corporation (Waters-Pierce), the Tampico-Panuco 
Oil Fields, Ltd. (one-half mile northwest of the Corona), the 
Producers Oil Company, the Veracruz-Mexican Oil Syndicate, 
and others. 

Development work has been carried on at different points with 
more or less indifferent success, but it is likely that the number of 
producing fields will soon be increased, particularly on account of 
the ready accessibility of the region by the Tamesi and Panuco 
rivers which are navigable for many miles through the prospec- 
tive territory. 

Huasteca District—This district comprises the fields south of 
Tampico and north of the Tuxpan River. The largest producers 
are the Casiano and Portrero del Llano. Producing wells are 
also located at Tanguijo, Alazan, Tierra Amarilla, Los Naranjos, 
Juan Felipe, and Cerro Azul. The Huasteca oil averages be- 
tween 19° (0.9395 sp. gr.) and 21° Baumé (0.9271 sp. gr.) in 
gravity and is easily transported through pipe lines. In this dis- 
trict are located the greatest flowing wells ever drilled, the first 
one, Dos Bocas No. 3, “came in” on July 4, 1908, but immedi- 
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ately caught fire burning until August 30, when the fire was ex- 
tinguished during a temporary cessation of the flow. The pro- 
duction of this well has been estimated between 40,000 and 100,- 
000 barrels a day, and in view of the performances of subsequent 
gushers, it is likely that these figures are not exaggerated. In 
November, 1908, three months after the fire subsided, Villarello 
estimated the quantity of oil flowing with the water between 300 
and 400 barrels a day.” The damage done by this conflagration 
was enhanced by the poisonous nature of the gases accompanying 
the oil, Villarello noting®* that the gas collected (November, 
1908) 180 meters west of the well contained 66.5 parts of CO, 
and 22.6 parts of H.S by weight in 1,000 parts of air. The full 
meaning of these figures may be realized when one considers that 
from 20 to 25 parts of CO, to 1,000,0f air is dangerous, and that 
11 parts of H,S to 1,000 of air is fatal to human life.™ 

With the burning of the well the Dos Bocas field was practically 
ruined and none of the oil produced was ever recovered. 

The second Huasteca field discovered was Casiano, which came 
into prominence with the “ bringing in” of well No. 7 on Septem- 
ber II, 1910, at a daily rate of about 25,000 barrels under a pres- 
sure of 285 pounds. This well has been flowing to date an aver- 
age of over 20,000 barrels a day. The total production to May, 
1915, as given by the officers of the Mexican Petroleum Company, 
is close to 39,000,000 barrels, which is by far the largest amount 
of oil ever economically recovered from one well. This record is 
approached by the Potrero well No. 4 of the Aguila Company 
( Pearsons’ interest), situated about 25 miles south of Casiano and 
25 miles west of Tuxpan, which is in some ways the most re- 
markable one of the trio, having yielded at times at a daily rate of 
100,000 barrels. The production of this well has been curtailed 
to meet the transportation and storage facilities available, and for 
many months it has been flowing from 25,000 to 35,000 barrels a 
day, which is the volume that can be handled economically. 


22 Villarello, J. D., El pozo de petroleo de Dos Bocas, Parerg. Inst. Geo. 
de Mex., vol. 3, no. I, p. 34, 1900. 

23 Op. cit., p. 46. 

24 Op. cit., p. 48. 
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Several flowing wells have been finished in this section by 
the Mexican Petroleum Company, such as Casiano No. 6, rated 
at 10,000 to 15,000 barrels in September 1910 at the time it 
was closed, when No. 7 “came in.” Two wells have been finished 
at Cerro Azul and one at Juan Felipe said to be capable of flowing 
about 1,000 barrels a day. The Pearsons’ Company have a well 
at Alazan, second only to the large gushers, another flowing well 
at Naranjos, and several small producers at Tanguijo and at other 
points in the region. 

The average product of the district ranges between 19° (0.9395 
sp. gr.) and 21° Baumé (0.9271 sp. gr.) and until the advent of 
the Corona well at Panuco during the early part of 1914, the 
Huasteca region furnished the bulk of the oil produced in Mexico, 
and practically all the oil exported. 

Tuxpan District—This includes the fields near the Tuxpan 
River and the Furbero field to the south, situated 40 miles south- 
west of Tuxpan and owned by a company which is practically a 
subsidiary of the Pearsons’. The Furbero oil is lighter than the 
Huasteca product but the wells yield small quantities. Of late the 
proven area of the Tuxpan district has been extended by the 
Pennsylvania-Mexican Fuel Company (Standard Oil group) en- 
countering a large flow of oil in their Alamo tract south of and 
near the Tuxpan River about 12 miles south of Potrero. The 
oil from these wells, being of light gravity, can be readily trans- 
ported to Tuxpan through the pipe line which the company in- 
tends to put into operation in the near future. 


MARKET CONDITIONS. 


Of the many oil companies registered in Mexico to 1914, it is 
estimated that only 160 were conducting actual development work 
in the fields. The present position of these operating companies 
may be summarized as follows: 

1. The Mexican Petroleum Company, Ltd., and subsidiaries 
(Doheny interests), at present the largest producer and best 
equipped as regards camps, transportation and storage facilities, 
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etc. This company sells its product mostly in large bulk to 
American companies along the Gulf states and is but little 
affected by conditions influencing the local price of oil at Tampico. 
Of late this company has undertaken to market its products in the 
United States and has established a distributing depot on the 
Mississippi River not far from New Orleans. 

2. El Aguila Oil Company and subsidiaries (Pearsons’ in- 
terest) with larger nominal production than the Mexican Pe- 
troleum Company, but hampered by insufficient pipe lines 
and storage facilities. The oil is refined at their Minatitlan plant, 
some of the products being sold in Mexico; most of it, however, is 
exported to Europe. This company and the Mexican Petroleum 
furnish practically all the oil used in Mexico and the greater por- 
tion of that which is exported. 

3. Waters-Pierce Oil Company which has a refinery at Tam- 
pico where Mexican and American crudes are treated, and pro- 
ducing wells in the Panuco district. This company and El 
Aguila control the market of refined oils in the Republic. 

4. La Corona Oil Company (Dutch Shell), East Coast Oil 
Company (Southern Pacific), Pennsylvania-Mexican Fuel Oil 
Company (Standard), and other concerns having strong affiliations 
and ample market facilities in the United States and Europe, and 
thus are able to dispose of their Mexican product independent of 
the local market. Most of the lands controlled by these companies 
are located in the Panuco and Tuxpan districts. 

5. Independent companies having no affiliations with any of 
the first four groups and depending upon small contracts and the 
local market for the disposal of their products. The lands con- 
trolled by some of these companies are located in the Panuco and 
Huasteca districts in comparatively small tracts often scattered 
over large areas. The “boom” time of this type of operator is 
practically over and the bulk of the oil industry in Mexico has 
passed into the hands of large financial interests. 


PRODUCTION, 


Although the commercial production of oil in Mexico was be- 
gun the latter part of 1901, it was not until six years later that the 
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figures of the yield were recorded. According to the statisticians 
of the United States Geological Survey, the petroleum production 
during these six years was as follows: 


It should be borne in mind that the figures of late years include 
only that part of the production which can be transported from 
the fields to market or stored, and represent a fraction of the total 
yield were the wells now in operation allowed to flow unchecked. 

Quality of Oil.—Comparatively little detailed information is 
available regarding the composition of the different grades of oil 
produced. The bulk of the production, which comes from the 
Huasteca gushers, averages 19.3° Baumé (0.9376 sp. gr.), the 
composition being as follows: 


Base sediment ......... 2 sper cent. 
FracTIONAL DISTILLATION. 
Temp. F. Per Cent. Grav, 
} 454° B. (07995 sp. er.) 
Total. 
- 20.6 50.8° B. (0.7744 sp. gr.) 
78.5 13.4° B. (0.9763 sp. gr.) 
100.0 


The oil produced in the northern districts averages about 12.6° 
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Baumé (0.9818 sp. gr.), the analysis of the heavier oil, as given 
by Villarello,?° being as follows: 


Temp. Sp. Grav. Per Cent. 
20-150° C. 12.37 
150-200° C. 0.774 1.75 
200-250° C. 0.823 4.08 
250-300° C. 0.835 8.45 
300-asphaltum 0.885 26.28 
Asphaltum 44.07 
97.00 


The oil produced at Furbero is lighter averaging about 24° 
Baumé (0.9090 sp. gr.), and some of the wells at Tanguijo and 
Cerro Azul produce oil of intermediate grades between that of 
the large gushers and the Furbero product. 

The oil is dark in color and contains sulphureted hydrogen and 
carbon dioxide, hence the gas that issues with the oil is asphyxiat- 
ing and poisonous, and has caused the death of many men. 

The temperature of the oil as it comes from the well is about 
105° F. at Ebano, 110° F. at Casiano, 132° F. at Potrero, while 
the emulsion of salt water and oil produced by the Dos Bocas has a 
temperature of about 160° F. The pressure under which the 
wells in different properties flow varies from 285 pounds in Cas- 
iano No. 7, which is flowing at the rate of about 20,000 barrels a 
day; 585 in Casiano No. 6, situated one-half mile due south of 
No. 7, which is now capped after flowing a few days at the rate of 
about 10,000 barrels daily; to 850 pounds to the square inch in the 
Potrero gusher, which is allowed to flow a few thousand barrels a 
day. 

TRANSPORTATION, 


In the same manner that lack of transportation facilities affects 
the early development of any new territory so has the lack of ade- 
quate means of transporting the oil from the wells to market hin- 
dered the successful operation of entire districts. Two factors 
control the transportation of the Mexican oil from the wells to 


25 Op. cit., p. 118. 
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seaboard; (1) the quality of the oil, and (2) the distance of the 
field from the shipping centers, Tampico and Tuxpan. 

The oil produced in the Ebano and Panuco districts is of such 
low gravity and high viscosity that it cannot be pumped through 
pipe lines economically. Its transportation to the market, there- 
fore, can only be accomplished after removing the heavy constitu- 
ents or asphalt, shipping the fuel oil in tank cars (as is done at 
Ebano), or transporting the crude in barges, as is the case in the 
Panuco district. As most of the oil produced at Ebano is used 
for asphalt and fuel by the Mexican railroads, its transportation 
to Tampico does not greatly affect its disposal. The Panuco 
product, on the other hand, is exported and has to be barged 
about 60 miles along the river to Tampico where it is stored in 
tanks before delivery to the tank steamers. Owing to its high 
viscosity it is necessary to heat this oil before delivering to the 
barges and again before loading it on the tank steamers from the 
storage tanks at Tampico. 

It will be seen, therefore, that the transportation of this heavy 
oil to Tampico at the same rate as it is produced at the wells is the 
most serious problem affecting the development of the Panuco 
district. Possibly a rifled line, like that in use between the Kern 
River field and San Francisco in California, might be found ad- 
vantageous. This line, which is 280 miles long, has a daily capac- 
ity of about 13,000 barrels of oil of about 13° Baumé gravity, 
with 12 pumping stations located about 22 miles apart. 

The transportation of the products of the Huasteca wells has 
been most satisfactorily solved, particularly by the Mexican Petro- 
leum Company, Ltd., which has a triple 8-inch pipe line from Cas- 
iano to Tampico, and a double 8-inch line from Casiano to the new 
Cerro Azul camp. The total length of the system is 92 miles 
and its capacity is estimated at 50,000 barrels of oil a day. 

The Portrero field of the Pearsons’ is connected to Tuxpan, by 
an 8-inch pipe line which has an estimated daily capacity of about 
30,000 barrels. Another line of various diameters runs from this 
property through Tanguijo along the lagoon to Tampico. 

Ideal wharfing facilities are available at Tampico where tank 
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steamers are loaded in record time alongside the companies’ stor- 
age farms. The loading of tank steamers at Tuxpan is not so 
efficient, although remarkable results have been obtained, by run- 
ning lines on the sea-bottom to about a mile off shore, where the 
tankers anchor and are loaded through flexible piping connected 
to the submerged lines. | 

The Tuxpan district, or rather the Furbero field, is connected 
to Tuxpan by a pipe line with ample capacity to care for the pro- 
duction. The Pennsylvania Mexican Fuel Company operates an 
8-inch line 28 miles long connecting El Alamo property to Tux- 
pan and seaboard. 

Tank Steamers.—Although the tank steamers of foreign com- 
panies operating in these fields transport Mexican oil to the United 
States and Europe, the two principal Mexican companies are 
equipped with substantial fleets. The Mexican Petroleum, 
through the Mexican Transport Company, owns six tankers with 
an aggregate carrying capacity of over 300,000 barrels. The 
Mexican Eagle Transportation Company’s ( Pearsons’ interest) 
fleet has an estimated capacity (built or building) of about 1,000,- 
000 barrels. 

STORAGE FACILITIES. 


The total storage capacity of the whole region in concrete-lined 
reservoirs and steel tanks will aggregate about 15,000,000 barrels ; 
of these the Mexican Petroleum Company, Ltd., owns 2,000,000 
barrls capacity in reinforced concrete reservoirs and 8,000,000 
barrels capacity in steel tanks holding 55,000 barrels each and the 
Aguila Company about 4,000,000 barrels capacity mostly in 
55,000-barrel steel tanks. 


REFINERIES, 


The most important refinery in Mexico is that of the Waters- 
Pierce (Standard Oil Company) at Tampico. This refinery dis- 
tills Mexican crude from the Huasteca region, and imports from 
the United States light grades of crude. 

The Aguila Company owns a refinery at Minatitlan in the Isth- 
mus of Tehuantepec with an estimated capacity of 1,400 tons of 
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crude a day, and is now constructing a second larger plant near 
Tampico. 

The Mexican Petroleum Company, Ltd., operates a topping 
plant at Tampico, with an estimated daily capacity of 30,000 
barrels, and an asphalt plant at Ebano and is constructing a re- 
finery at the distributing depot on the Mississippi, about 18 miles 
from New Orleans. 

DRILLING METHODS. 


The drilling methods employed in the Mexican fields are the 
Standard and Rotary, which are in vogue in the United States, 
and remarkably good results have been obtained by the use of 
both. Owing to the impervious nature of the formation overly- 
ing the oil horizon little or no trouble is experienced with water, 
the main obstacles being due to the sticky character of the shales 
and the unexpected coming-in of the oil or gas under tremendous 
pressure. It is, therefore, well to be always prepared, when drill- 
ing in these regions, to control effectively at all times a flowing 
well, and, everything being equal, it is probable that the Rotary 
rig will be found more efficient in controlling these flows. 


PRODUCING METHODS, 


In the most general way it may be stated that under the present 
conditions a pumping well in the Mexican oil fields is not com- 
mercially profitable. This certainly is the case in the outlying 
districts far from seaboard. Most of the production is de- 
rived from gushers; in fact, over 90 per cent. comes from less 
than six wells (two wells producing the greater part of the oil 
marketed). In some of the older fields like Ebano pumping is 
employed, and in some cases air-lift pumping is practiced. 


FUTURE DEVELOPMENT. 


The development so far has clearly shown the close intimacy 
between the oil seepages and the underground reservoirs of petro- 
leum, for practically all of the producing wells are located within 
one-quarter of a mile from some surface indication of natural hy- 
drocarbon. A study of the well records shows at times a striking 
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irregularity of depth to the oil reservoirs. Some wells encounter 
oil a few feet from the surface and others nearby are absolutely 
dry. The behavior of the producing wells indicates that they 
derive their supply from different sources, some from porous 
limestones, others from crevices, still others from the sandy shales 
interbedded with the limestones, and not a few from fractured 
zones in any formation. Although such wells as Casiano No. 7 
and Potrero No. 4 may likely be duplicated they should not be 
used as criteria in judging the possibilities of the untested terri- 
tory. Undoubtedly considerable undeveloped areas remain near 
known oil seepages, and favorable surface evidence is probably 
at present concealed under the dense vegetation, but any conclu- 
sions as to the future productivity and possible extent of these 
prospective fields can only be conjectural owing to the lack of 
uniformity in the results so far obtained. 

Several promising areas have been tested with negative results, 
but owing to the large amount of possible oil territory within the 
several districts and the great number of localities that have not 
been tested, it is but fair to assume that the present development 
can only give an indication of the eventual magnitude of the oper- 
ations and production of the region, and there is sound basis for 
the belief that the Mexican oil industry is at present only in its 
infancy. 
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PROCESSES OF MINERALIZATION AND ENRICH- 
MENT IN THE TINTIC MINING DISTRICT.! 


WALDEMAR LINDGREN. 


The Tintic mining district in Utah needs no introduction. 
From 1869 to the end of 1913, metals have been produced in this 
district to the gross value according to V. C. Heikes,? of $148,- 
366,221, comprising silver, gold, lead and copper and lately some 
zinc. Minor amounts of arsenic and bismuth are also recovered. 
The annual production attained its greatest value in 1912 when the 
value of the output was nearly $10,000,000. 

The geological features of the district are well known through 
the report by G. H. Tower, Jr., and’George Otis Smith.? Since 
that excellent description was published the development work, 
both laterally and in depth, has increased tremendously and an 
entirely new line of ore deposits on the east side of the district has 
been opened, so that it was decided by the Director of the U. S. 
Geological Survey that a review of the new developments would 
be desirable. In 1911 this re-survey was undertaken by the 
writer, assisted by Dr. G. F. Loughlin. The review of the sur- 
face geology was assigned to Dr. Loughlin, who has also assisted 
in some features of the work on mining geology. The district was 
revisited in 1914, and the report is now nearly completed. Dur- 
ing the laboratory work on the specimens collected the writer has 
received much assistance by Messrs. W. L. Whitehead and A. H. 
Means, of the Massachusetts Institute of Technology, so that as 
usual the completed report will represent the combined work of 
many men. The main conclusions of Messrs. Tower and Smith 
regarding the geological features of the deposits still stand and 
only in one or two instances have we been obliged to adopt a differ- 
ent interpretation of the facts. 

1 Published with the permission of the Director of the U. S. Geological’ 
Survey. 

2“ Mineral Resources of the United States,” calendar year 1913, pt. I, PD. 


3903, U. S. Geological Survey. 
39th Ann. Rept. U. S. Geological Survey, pt. 3, pp. 603-767, 1899. 
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Geological Features—The southward continuation of the 
metal-rich Oquirrh Range is called the Tintic Range, and the 
Tintic mining district lies on both sides of this latter range about 
60 miles south of Salt Lake City. 

The range is in part built up of a thick series of dolomites and 
limestones of Cambrian, Ordovician and Mississippian age un- 
derlain by a heavy Cambrian quartzite. The re-survey has es- 
tablished a more detailed subdivision of formations and members 
and the presence of the Cambrian and Ordovician has been defi- 
nitely proved. 

Previous to the volcanic activity of the Middle Tertiary the 
sedimentary formations were folded to a large syncline with steep 
westerly and flat easterly limb; this syncline was subsequently 
broken and faulted by numerous fractures extending in various 
directions. 

During the early or middle part of the Tertiary the Paleozoic 
formations were broken by a series of violent volcanic eruptions. 
The igneous rocks comprise a thick series of rhyolite flows suc- 
ceeded by an extensive series of latites and andesites. At one 
time a huge volcanic pile must have been standing on the site of 
the present Tintic district. Into the limestone and into the vol- 
canic flows was then intruded as the last phase of volcanic activity, 
a great mass of monzonite, which now occupies the southern part 
of the district, and which cuts off the sedimentary rocks along an 
east-west line. This area of monzonite is about one mile wide 
from east to west, and about two miles long. From the occurrence 
of monzonite high up on the flanks of the range the conclusion is 
drawn that this granular rock consolidated at no considerable 
depth below the surface, in places probably less than 1,000 feet. 
The volcanic pile was soon attacked by erosion and large masses 
of the covering lavas were eroded, so that these are no longer 
present in the central part of the district. On the northern side, 
however, a great rhyolite flow still covers the ground north of 
the town of Eureka, while the andesites and latites remain in the 
ridges south of the district and on the long slopes towards Goshen 
Valley. The vertical thickness of the rocks removed by erosion 
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probably did not exceed 2,500 feet, and must have been much 
less in many parts of the district. 

The Ore Deposits in General_—The ore deposits of Tintic are 
contained in the monzonite and in the limestones and dolomites 
north of the monzonite area. In the monzonite we have a system 
of many veins trending north or northeast, which, however, have 
yielded only a small part of the production of the district. The 
deposits in the limestone area are replacement veins generally 
following north and south fractures, but which also in part follow 
northeasterly cross breaks or the regular bedding planes of the 
limestone. The intersection of the cross breaks which dip N.W. 
with the N.-S. fractures produces a tendency of the shoots to pitch 
northward. Besides, in a broader way, the shoots in the northern 
part of the limestone area are found at lower levels than those 
farther south. The shoots form lenticular masses or a series of 
detached, pod-like bodies or pipes separated by long stretches of 
lean or barren ground. 

The deposits in monzonite are later than this, the latest igneous 
rock. They were probably formed immediately after the con- 
gealing of the intrusive mass. In one case at least a vein cuts 
directly across the monzonite contact and this in connection with 
the great similarity in mineralization and direction of strike indi- 
cates with great probability that all of the deposits are later than 
the monzonite. In this conclusion we are forced to disagree with 
Tower and Smith. 

The Ore.—The veins in monzonite are well marked, in part 
formed by replacement, numerous but rarely rich. They con- 
tain quartz, barite, pyrite, enargite and galena, rarely other sul- 
phides. 

The deposits in the sediments which have yielded the great 
bulk of the production consist of replacement bodies of ore sur- 
rounded by silicified limestone or dolomite. The width of this 
silicified zone may be only a few feet or it may be something like 
50 or 100 feet. The primary vein material consists of fine grained 
silica, barite, galena, enargite and zincblende. A little pyrite is 
present, sometimes a little chalcopyrite, tetrahedrite or famatinite. 
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The principal primary ore minerals are then enargite and galena; 
they usually occur in separate shoots but may also be found 
together. 

Zones of Deposition in Horizontal Direction.—The deposits of 
the Tintic district show in a marked degree a variation of mineral 
association apparently dependent upon distance from the intrusive 
monzonite, 

1. In the veins in monzonite we find quartz in well developed 
crystals with much pyrite and some galena, enargite, zincblende 
and chalcopyrite. 

2. In the sedimentary rocks up to a distance of I to 1% miles 
north of the contact with the monzonite the gangue consists of 
finegrained replacement quartz, occasionally small druses of 
well-crystallized quartz, and much barite. The ores contain much 
enargite with a little pyrite in places, also tetrahedrite and famati- 
nite. There are a few lead shoots and the copper shoots contain a 
little lead. The ores also carry gold (averaging $5--$12 per ton) 
and some silver, the latter probably averaging 20 ounces per ton. 

3. Farther north in the same vein zones the deposits in the 
sedimentary rocks contain principally galena with a little zinc- 
blende and pyrite. The silver content is higher than farther 
south, the average of the ores being perhaps 30 to 40 ounces per 
ton. There is practically no gold. The gangue minerals consist 
of extremely finegrained cherty siliceous replacement of limestone 
or dolomite with a moderate amount of barite. The quartz 
crystals in the drusy cavities are rarely more than one millimeter 
in length. This zone continues as far as known from I or 1% 
miles north of the end of the copper zone. 

4. Farther north and east beyond the lead-silver shoots the 
mineralization becomes more feeble. The gangue minerals con- 
sist of calcite, dolomite and a little quartz, the ore minerals com- 
prise galena and zincblende and silver is present only to the extent 
of a few ounces to the ton. 

Gold and copper seem thus to occur on the whole near the mon- 
zonite, lead and silver mainly farther away. This arrangement 
may correspond to deposition in successively cooler zones and a 
gradual spreading of the ore-forming solutions towards the north 
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until they became so mingled with surface waters that their solvent 
power declined. 

Zones of Deposition in Vertical Direction.—Far less marked 
is the variation in the composition of the ore with depth in the in- 
dividual mines. The separation of the ore into lead shoots and 
zinc shoots is dependent upon processes of oxidation. In any one 
mine within the copper zone lead and copper shoots may occur in 
close proximity but there is no definite change with depth. In 
some mines which in the upper levels carried only lead, some 
copper begins to come in with depth. 

The deposits appear to have been formed at the close of the vol- 
canic activity when from geological evidence the surface of the ac- 
cumulated igneous flows was from 1,000 to 2,500 feet above the 
present surface. The mining developments now reach a greatest 
depth of 2,300 feet so that these lowest parts of the deposits must 
have been formed from 3,300 to 4,800 feet below the surface of 
the volcanic pile. 

First Stage of Mineralization.—The metasomatic processes of 
the mineralization in the monzonite include sericitization and 
silicification with attendant development of pyrite. No further 
attention will be given here to this phase. 

In the sedimentary rocks the silicification calls for principal at- 
tention. Tower and Smith showed that the limestone and dolo- 
mite are replaced by barite and silica and that the deposition of 
these two minerals is in places repeated three times. 

The silicification begins from a central often very inconspicu- 
ous fissure and spreads outward for a considerable distance so that 
as stated above the silicified zone may be from a few feet up to 
one hundred or more feet in width. In the copper mines nearer 
to the intrusive contact the silicified limestone seems to be of 
somewhat coarser grain and of less extent than in the lead mines 
where the silicified material is often extremely finegrained, with 
conchoidal fracture and cherty appearance. 

J. D. Irving* was the first who called attention to the fact that 
there are two kinds of silicification connected with ore deposits. 


4“Some Features of Replacement Ore Bodies, etc.” Jour. Canadian Min. 
Inst., vol. 14, 1911, p. 422. Econ. Gro, vol. 6, p. 556. 
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EXPLANATION OF PLATE IX. 


A. Galena and zincblende in separate grains (black) in very finegrained jas- 
peroid of fibrous quartz. Magnified 150 diameters; ordinary light. Gemini 
mine. 

B. Banded jasperoid showing grains of galena and zincblende (black) in 
dark bands. Light bands consist of spherulites of chalcedony with intersti- 
tial quartz. Ordinary light; magnified 25 diameters. Gemini mine. 
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In some deposits silicification is a gradual process, beginning with 
the development of quartz crystals at numerous points; these in- 
crease in size and numbers and finally the whole rock becomes a 
mass of finegrained quartz. In other deposits, exemplified by 
Irving in the replacement deposits of the Black Hills,® the bound- 
aries of the silicified material are sharp and all rock from the 
fissure to the final limit is completely replaced. No transition 
rocks are found. The replacement advanced like a wave over the 
country rock until the impulse was exhausted. 

The silicification in the Tintic district is of this latter type. It 
is almost impossible to obtain a specimen showing transition or a 
partly silicified limestone or dolomite. The boundaries are always 
sharp. The microscope shows rarely any residuary calcite in the 
silicified material and at the sharp contacts there is rarely any 
silica in the carbonate rock. 

Thin sections of the jasperoid® of the lead mines show an ex- 
tremely finegrained aggregate of silica, not fully resolved even by 
the higher objectives. The material is usually stained bluish or 
grey or black by residuary organic matter, and is made up of 
minute irregular grains and shreds often without definite outlines 
and all of these show a marked undulous extinction indicating a 
fibrous structure. Plate [X., A shows a section of this kind from 
the Gemini mine in ordinary light. It contains separate grains 
of galena and yellowish zincblende, sometimes also small crystals 
of pyrite. Plates of barite are in places embedded in the jasper- 
oid. Veinlets of chalcedony and some granular quartz traverse 
this section. 

Very frequently the jasperoid is delicately striped by alternation 
of light grey and dark bands, the interval being about one milli- 
meter or less. This banding is not parallel to joints, contacts or 
any definite surface. The bands are often curved in beautiful 
concentric arrangement. Sections of such material (Plate IX., B) 
show the dark bands to contain irregular grains of galena, rounded 

5U. S. Geol. Survey, Prof. Paper 26, 1904. 

6 This name is adopted provisionally for the silicified rock although not 


entirely suitable. J. E. Spurr proposed it for the silicified limestones of 
Aspen, Col., which belong to the first mentioned type of silicification. 
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EXPLANATION TO PLATE X. 


A, Finegrained jasperoid on left side, brecciated with filling of delicately 
banded quartz, indicating original deposition of colloidal silica. White areas 
are holes in section. Ordinary light. Magnified 35 dameters. Eagle and 
Blue Bell mine. 

B. Same with crossed nicols showing quartz mosaic entire independent of 
the banding. Black areas, left center, are holes in section. 


PLATE X. 


aS 
+: 
3 
af 


PLATE X. Economic GeoLocy. VoL. X 


He 
A 

B 


3 
2 
| 


PROCESSES OF MINERALIZATION AND ENRICHMENT. 233 


individuals of yellow zincblende and a few small cubes of pyrite, 
cemented by extremely finegrained quartz without marked fibrous 
structure. The light bands consist of spherulites of chalcedony 
of brownish tint cemented by a clearer granular quartz with un- 
dulous extinction. The effect is exactly that of diffusion rings 
or rhythmic precipitation similar to those in agate or those de- 
scribed by R. E. Liesegang.* 

To account for these phenomena of primary deposition the 
following theory is proposed: 

Silicification of the Tintic type is produced, not by metasomatic 
replacement, involving the development of crystals in solid rock, 
but by a replacement of limestone or dolomite by colloidal silica 
which immediately afterwards became transformed into chalced- 
ony or in part into granular quartz, Given such a colloidal mass 
it would be easily penetrated by electrolytes which by reaction with 
residuary solutions contained in the gel might easily produce such 
rhythmic precipitation rings as shown. ‘The ordinary law of re- 
placement by equal volumes would scarcely hold in such a process. 
The resulting mass would at first be soft, easily compressed and 
crushed and the crystallization of the gel would involve a consider- 
able contraction of volume. 

The work of Hein, Leitmeyer and others® leads to the conclusion 
that chalcedony is in all cases composed of quartz fibers and that 
it always results from the crystallization of gelatinous silica either 
“in statu nascendi” or at a later time, and that gelatinous silica 
may in becoming crystalline either turn into granular quartz or 
into fibrous quartz, i. e., chalcedony. The first stage of primary 
deposition then involves the replacement of limestone or dolomite 
by gelatinous silica, barite, galena and zincblende. Subsequent 
crystallization of the colloid transformed it into chalcedony and 
extremely finegrained quartz. 

Second Stage of Silicification—The jasperoid is not a compact 
rock but contains abundant cavities of very irregular form, often 


7 “ Geologische Diffusionen,” 1913, pp. 180. Review by A. Knopf in Econ. 
Geot., vol. 8, p. 803, 1913. 

8 Summarized in Doelter’s “ Handbuch der Mineral Chemie,” Bd. 2, pp. 
165-190, 240-264, Vienna, 1914. 
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looking like corrosion cavities and always filled more or less com- 
pletely with a bluish to white quartz from the central part of which 
project minute crystals of the ordinary form, rarely more than a 
millimeter in length. In banded jasperoid the cavities either 
follow the banding or cut across it. Frequently the jasperoid is 
brecciated. The effects are precisely those which might be ex- 
pected in a soft material exposed to contraction and crushing. 
In these cavities the second phase of primary deposition took place 
by filling. The quartz contains plates of earlier crystallized barite 
and irregular grains and masses of coarse galena with a little 
pyrite and zincblende. In thin section this filling proves to be a 
coarsely granular, allotriomorphic aggregate of quartz, with fi- 
brous silica or chalcedony present in places. 

In ordinary, especially in oblique light this quartz filling shows 
a minute and delicate banding in rounded mammillary forms en- 
tirely similar to the appearance of agate. Nowhere except at the 
last depositional surface is there the least indication of crystal out- 
lines. Between crossed nicols the areas of the quartz grains are 
shown to be entirely independent of this banding. (Plate X., 
A and B.) 

The theory is, therefore, confidently advanced that the second 
phase of primary mineralization consisted in the filling of the cav- 
ities of the silicified limestone or dolomite by gelatinous silica 
which was shortly afterwards transformed into quartz and chal- 
cedony. 

These two depositional phases are less prominently separated 
in the copper-bearing mines nearer to the monzonite contact, 
where presumably higher temperatures prevailed. Here it appears 
as if quartz were often formed without a preliminary gelatinous 
stage. 

Regarding the stability limits of gelatinous silica we do not as 
yet have entirely definite data. J. Koenigsberger and W. J. 
Miiller® found that it is the stable form in pure water and in alkali 
silicates below 200° C. However, it is well known that in other 
solutions quartz forms below this temperature. The same authors 

9 Zentralblatt fiir Min. Geol. Pal., 1906, pp. 339 and 3509. 
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observed that gelatinous silica also was deposited at 360° but they 
believe that at this temperature the material is unstable and would 
soon be converted to quartz. What the reactions would be in 
various other salt solutions is not known. Even at the surface 
and in cool waters chalcedony is often formed so that these data 
allow no certain conclusions as to the temperature obtaining dur- 
ing the formation of the veins. Probably it was not less than 
200° C. 

Oxidation of the Deposits—The Tintic district is remarkable 
for an unusually low water level and corresponding great depth of 
oxidation. The water in the sedimentary rocks stands from 1,650 
to 2,400 feet below the surface according to the elevation of the 
shaft and broadly speaking is found about 200 feet above the level 
of Utah Lake, or at an elevation of 4,800 feet. Explorations in 
ore below water level have only been undertaken in the Gemini 
mine. 

The oxidation has thus penetrated to unusual depths. On level 
No. 21 in the Mammoth mine, for instance, the oxidation has 
progressed just as far as at the surface. The ore is honeycombed 
and limonitic and looks like a gossan. Inno mine, however, is the 
oxidation complete. Residual masses of enargite, pyrite and 
galena may be found at all levels as well as at the surface. It may 
be conceded, however, that both galena and enargite are more 
abundant in the lower levels than nearer the surface. 

The oxy-salts formed in lead and zinc mines consist of anglesite, 
cerussite, plumbojarosite, smithsonite, calamine, and hydrozincite, 
while the copper mines yield a long series of copper arsenates, fur- 
ther malachite and azurite, more rarely cuprite, and native copper. 
The silver takes the form of argentite, cerargyrite and native 
metal, and some rich oxidized ores show native gold. 

The oxidation is almost everywhere accompanied by solution of 
quartz and by replacement of quartz by anglesite, cerussite and 
copper arsenates; the barite is very resistant. In places a little 
quartz was deposited contemporaneously with the oxidation. The 
last phase consisted in the development of calcite in scalenohedrons 
and flat rhombohedrons. The tendency of the metals to separate 
into shoots in the oxidized zone is a well known fact at Tintic and 
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has been commented on by Tower and Smith. There are sepa- 
rate shoots, often in the same mine, of gold ore, silver ore, lead 
ore, copper ore and zinc ore. As far as copper and lead are con- 
cerned this condition is largely due to primary deposition, but in 
the case of the other metals the concentration is the result of oxi- 
dizing processes. 

Too little work has been done in depth to say much of the oxi- 
dation below water level. It is certain that a rich sulphide ore 
250 feet below water level shows some oxidation with develop- 
ment of small cerussite crystals and wire-silver passing through 
them. 

Secondary Copper Sulphides——One of the most important re- 
sults of the present investigation is that covellite and chalcocite 
are found everywhere in the oxidizing copper ores though no- 
where in great masses. They are not remnants of an older sul- 
phide zone but develop normally in all parts of the oxidized zone 
near the surface as well as near the water level. This condi- 
tion which is contrary to our generalized idea of a distinct zone 
of secondary sulphides, is caused in part by the scarcity of 
pyrite, by the neutralization of such sulphuric acid as is formed 
by CaCO, and in part also by the great amount of oxygen neces- 
sary for the oxidation of enargite. There can be no doubt, how- 
ever, that even in other deposits these secondary sulphides may 
freely form in the zone accessible to oxygen. 

The formation of arsenates and chalcocite in solutions con- 
taining oxygen and calcium carbonate from the limestone sur- 
rounding the jasperoid zone of the deposits is shown by the fol- 
lowing formula which does not take into consideration the larger 
quantity of water probably involved: 


3Cu.S.As.S; + 300 + H,O + 7CaCO; = 
Enargite. 


— 4CuO.As,0;.H,O + Cu,$ + 7CaSO, + 7CO, 


Olivenite. Chalcocite. 


In the specimen chalcocite and covellite usually form dull bluish 
or sooty spots in the enargite, famatinite, galena or zincblende. 
In thin section, chalcocite appears as a marginal alteration in 
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these primary ore minerals, particularly in the enargite, and blades 
of covellite develop later in the chalcocite. Along fractures, 
copper arsenates are forming between the marginal zones of chal- 
cocite and the arsenates themselves contain ribbons of chalcocite 
often delicately contorted. Here the chalcocite must have formed 
practically at the same time as the arsenates. 

At other places covellite forms during the oxidation of galena 
containing some primary copper mineral. Along the margin 
where the galena changes to anglesite the latter mineral contains 
plates of covellite embedded in it and very clearly replacing it. In 
the same specimens residual masses of galena in anglesite are sur- 
rounded by a narrow replacement ring of covellite. Crystallized 
covellite is sometimes found in druses associated with anglesite. 

Secondary copper sulphides thus may form independently of 
the water level and in the presence of oxygen. 

Secondary Lead and Silver Sulphides—No secondary zinc- 
blende has been observed in the oxidized zone but there is some 
indication that secondary galena may form in subordinate quanti- 
ties. It is recrystallized in part during the oxidation to anglesite. 

No positive evidence has been found that rich silver sulphides 
formed part of the primary ore. The pure tetrahedrite or enar- 
gite is not rich in gold and silver, but the ores with secondary 
chalcocite are often exceptionally rich in silver. Ruby-silver is 
scarce and in the occurrences thus far examined this mineral is 
among the latest formed; it occurs in the center of drusy cavities 
in the second phase quartz and it is believed that it was formed 
during the process of oxidation. Distinctly secondary argentite 
occurs in many rich silver ores. 

Secondary Deposition of Gold.—In some of the copper mines 
the average oxidized ore contains gold up to $10 or $15 per ton, 
but in addition certain parts of the shoots are very much richer 
containing one to five ounces per ton. These rich gold ores of 
which occurrences in the Mammoth, Victoria and Centennial 
mines are examples, are always highly siliceous and in part con- 
tain visible gold of deep yellow color the streak of which indi- 
cates a high degree of purity. The secondary nature is apparent 
from its deposition between quartz grains or as thin flakes on 
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joints. In the ores where such gold stopes occur there is always 
more or less manganese and in the Mammoth mine, for instance, 
the association of gold and manganese is a fact with which the 
miners are perfectly familiar. 

Sodium chloride is furnished by the winds from the Salt Lake 
deserts and the presence of this salt with sulphuric acid and man- 
ganese dioxide points clearly to the secondary concentration and 
deposition of gold by aid of free chlorine. Such gold ores are 
found at all levels in the oxidized zone. 

Rich Sulphide Ore below Water Level——The explorations in 
ore below the water level are thus far confined to the Gemini mine 
where along the Gem ore zone a winze was sunk from the 1,650 
to the 1,900-foot level, the water now standing at the upper level. 
An irregular shoot was here followed from the 1,300-foot level 
down to the 1,900. In this part of the mine the water level seeme 
to have been higher than elsewhere for even now the workings on 
the 1,400-foot level are decidedly wet. 

At any rate the ore found here just above and below the water 
level differed so remarkably from that found in any other part 
of the mine or in any other part of the district that it merits spe- 
cial mention. The ore consists of sulphides though oxidation is 
evident in spots both above and below the present water level 
(1,650 feet). The ordinary sulphide ore in the mine is com- 
paratively low in silver, the galena rarely containing more than 
50 ounces per ton. The high grade silver ores above owe their 
richness to secondary horn-silver or native silver. 

The sulphide ore in this shoot is extremely rich containing from 
100 to 3,000 ounces of silver to the ton. It occurs in a breccia 
of dark jasperoid and dolomite. Much of the jasperoid is similar 
to the ordinary normal sulphide ore, and contains finely dissemi- 
nated galena, pyrite and zincblende. The ore minerals occur as 
replacements and filling in the cement of this breccia and some- 
times directly replace the dolomite, a mode of occurrence un- 
known elsewhere in the district except at some outlying mines in 
North and East Tintic. 

The ore minerals consist of coarse galena in part in intimate 
“eutectic” intergrowths with a mineral which is probably pearcite 
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(Ag,(Cu)AsS,). Enclosed in the galena are rounded, concentric 
spherulites of zincblende and of a very dense marcasite or pyrite ; 
crystallized marcasite occurs in the same shoot. The deposition 
was accompanied by a little quartz as small clear crystals and 
seemingly the last mineral to crystallize. The spherulites of 
zincblende contain drop-like inclusions of galena. 

During the partial oxidation to which this ore has been exposed 
covellite and native silver have formed from the pearcite and 
the galena has yielded a little cerussite. 

Its occurrence of this ore in a breccia of jasperoid and 
dolomite, the galena replacing the dolomite, points unmistak- 
ably to a later origin than that of the ordinary ore which indeed 
is present in the jasperoid fragments. Marcasite is unknown 
elsewhere in the district. All these facts suggest at once 
that this ore may have been formed by descending waters but 
below the horizon to which oxygen could penetrate. The pres- 
ence of marcasite suggests faintly acid waters if the conclusions 
of Allen and Crenshaw’? are correct. The reduction of the sul- 
phates to sulphides could well have been caused by the abundant 
organic matter in the dolomite and the rich silver ores were then 
obtained by leaching of the upper ore bodies. Although the ores 
now reach up to 250 feet above the present water level it should 
be pointed out that the water in the Tintic mines probably stood 
several hundred feet higher than now during the early Quater- 
nary period. 

If this really is a sulphide enrichment by descending waters 
which is not definitely proved, one would expect similar conditions 
in other mines. But the expectations should not run too high for 
the irregular forms and scattered occurrence of the lead silver 
shoots would militate against the occurrence of large and con- 
tinuous bodies of this kind. As far as the evidence goes the 
occurrence is decidedly encouraging for deep exploration by con- 
certed effort among some of the mining corporations. 

Conclusions.—The facts explained above have led to the follow- 
ing conclusions : 

1. The jasperoids along the deposits were formed by the re- 

10 Am. Jour. Sci., 4th ser., vol. 33, pp. 169-236, 1912. 
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placement of limestones and dolomites by colloidal silica, which 
later crystallized to chalcedony and quartz. This is the first dep- 
ositional phase. 

2. The contraction and crushing of the silica caused this mate- 
rial to become brecciated and the silica of the second phase was 
deposited in open spaces as colloid silica which later crystallized 
to quartz. 

3. The development of crystalline barite, galena and other 
sulphides accompanied both these phases. 

4. During the deep oxidation of the deposits secondary copper 
sulphides (chalcocite and covellite) were formed at all levels to- 
gether with oxy-salts. 

5. The gold was concentrated in places at all levels in the copper 
mines by secondary processes involving the development of free 
chlorine and gold chloride. 

6. The rich silver sulphides such as argentite and proustite are 
probably all secondary and were formed during the oxidation. 

7. Few data are available to determine the character of the ore 
below the water level. But the only shoot opened around the 
water level shows a remarkable silver rich ore of galena, pearcite, 
spherulitic zincblende and marcasite, which clearly was deposited 
later than other ores in the mine. It may possibly have been 
formed by descending waters at a time when the water level stood 
somewhat higher than at present. 

8. Partial oxidation has proceeded in this rich shoot to a depth 
of 250 feet below the present water level. 
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POCKET DEPOSITS OF THE KLAMATH MOUNTAINS, 
CALIFORNIA. 


Henry Fercuson.1 


INTRODUCTION, 


The mining camps of the Klamath Mountains in northern 
California are less known to the outside world than those of the 
Sierra Nevada, but their gold production, both placer and lode, 
adds considerably to the production for the state. Shasta, Trinity 
and Siskiyou counties in 1912 produced $109,915 worth of gold, 
about 12 per cent. of the total production of California. The 
writer recently had an opportunity to study the ore deposits of 
a small portion of this region, the Weaverville quadrangle, which 
includes parts of Shasta and Trinity counties, in the eastern part 
of the Klamath Mountain group. Besides the veins and placer de- 
posits there occur throughout the region gold deposits of another 
type,—the so-called pocket deposits. The ore deposits of the 
Weaverville quadrangle have already been described? but the 
pocket deposits merit a more complete discussion, since the occur- 
rence and association of the gold are entirely different from the 
usual type of vein deposit. Moreover, these are believed to be 
excellent examples of secondary deposition of gold. 

Throughout the Weaverville quadrangle a series of volcanic and 
pyroclastic rocks is overlain by black shales with minor sand- 
stones and conglomerates. In the southern and western parts 
these are cut by masses of intrusive rock. The volcanic series, the 
Copley meta-andesite,® is Devonian or older, and consists predom- 
inantly of pyroxene-andesites and much tuff and aggiomerate. It 
is everywhere much altered; chlorite, epidote and calcite are the 

1 Published by permission of the Director, U. S. Geological Survey. 

2 Ferguson, H. G., “ Gold Lodes of the Weaverville quadrangle, California,” 
Bull. 540, U. S. Geol. Survey, pp. 22-79, 1914. 


3 Diller, J. S., Redding folio (no. 138), Geol. Atlas of the United States, 
U. S. Geol. Survey, 1906. 
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principal secondary minerals, and quartz occurs asamygdules. In- 
tense shearing is the rule, giving a greasy appearance, and it is 
seldom that individual minerals can be distinguished in the hand 
specimen. The overlying Bragdon formation* consists of con- 
glomerates, sandstones, and carbonaceous slates, the slates greatly 
predominating. Conglomerates are found in lenticular layers dis- 
tributed irregularly throughout the formation. The sandstone of 
the Bragdon is for the most part fine-grained. It is dark from the 
presence of carbonaceous matter and is feldspathic. The slates 
are fine-grained and extremely carbonaceous. They are locally 
interbedded with sandstone in thin layers, but more commonly 
there is a considerable thickness of slate, uninterrupted by sand- 
stone or conglomerate. The total thickness of the Bragdon, as 
estimated by Diller® in the Redding quadrangle, is between 2,900 
and 6,000 feet. The slate contains numerous fragmentary plant 
remains, and marine fossils which indicate a Carboniferous age, 
have been found by Diller in the conglomerates and sandstones. 

The Bragdon rests upon the meta-andesite, but there has been 
movement almost everywhere along the contact. More or less 
black gouge is present and the slates are intricately crumpled and 
sheared. It is believed that this faulting does not represent large 
displacement but is chiefly the slipping consequent upon the fold- 
ing of two formations of different competency. As the Brag- 
don and the meta-andesite have been rather closely folded the con- 
tacts show much interfingering, and along Trinity River erosion 
has exposed a series of small domes of meta-andesite. 

The intrusive rocks are late Jurassic or early Cretaceous in age. 
The most important are quartz diorite and granodiorite which 
occur in large batholiths throughout the Klamath Mountains. 
Following the granitic rocks came the intrusion of masses 
and dikes of alaskite porphyry, soda granite porphyry and diorite 
porphyry, as well as many small dikes of more basic rocks. 


4Hershey, O. H., Am. Geologist, vol. 27, 1901, p. 238; vol. 33, 1904, pp. 
248-256. 

Diller, J. S., Am. Jour. Sci., 4th ser., vol. 19, 1905, pp. 379-387. 

5 Diller, J. S., Redding folio (no. 138), Geol. Atlas of the United States, 
U. S. Geol. Survey, 1906, p. 3. 
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Primary mineralization, as distinguished from the secondary 
processes which produced the pocket deposits, followed the intru- 
sions. The more important of the auriferous veins, such as those 
of the French Gulch, Deadwood and Eastman Gulch districts, cut 
the Bragdon formation and are commonly in close association 
with the soda granite porphyry. The gangue is quartz with 
minor amounts of calcite, the two minerals apparently contempo- 
raneous in origin. The metallic minerals are free gold, pyrite, 
arsenopyrite, galena and sphalerite. The value of the ore lies 
in the free gold, for the sulphides, though auriferous, rarely ex- 
ceed I per cent. of the ore by weight. The gold is commonly 
found in close proximity to specks of galena, or to fragments of 
the black slate included in the vein, but never in the calcite. Man- 
ganese oxide was noted in the oxidized portions of a few veins but 
it is rarely abundant, and there does not appear to have been any 
important enrichment. The oxidized ores at the outcrops of the 
veins are reported to have been extremely rich, but this appears to 
have been due to concentration of the gold content through oxida- 
tion of the sulphides and solution of the calcite. 

The primary auriferous veins which occur outside the Bragdon 
formation, particularly those of the Whiskeytown and Iron Moun- 
tain districts, are of a different type. The gangue is quartz, and 
calcite is rarely present. Pyrite is the only important sulphide, 
and free gold is less common than in the Bragdon veins. In these 
deposits, however, manganese oxide is prominent and it is probable 
that the workable portions of the veins represent zones of enrich- 
ment. Veins of this type have never proved as important com- 
mercially as have those in the Bragdon. Where near the slate 
contact such veins do not extend up into the slate but die out at 
the contact, while the crumpled and sheared slate above carries 
irregular lenses of manganiferous quartz and calcite. Presum- 
ably the stresses which produced fissuring in the solid meta- 
andesite could not fissure the more plastic slate. 

Since Cretaceous time there have been two periods of uplift and 
peneplanation. The remnants of the older peneplain® occur in 


® Diller, J. S., Bull. U. S. Geol. Survey no. 196, p. 15, 1902 (Klamath 
peneplain). 
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the Salmon Mountains at elevations of about 8,000 feet. The 
greater part of the area consists of irregular sprawling ridges 
with an average elevation of about 4,000 feet, whose summits are 
remnants of a deeply dissected peneplain.? Trinity River and 
Clear Creek have cut their valleys to depths of 2,500 feet below 
the crest line of the ridges. 


POCKET DEPOSITS. 


Pockets are found throughout the lowlands of the Klamath 
Mountain region, where the streams cut below the 4,000-foot plain, 
but not in the higher mountains. They may occur wherever the 
contact of black slate with another formation, generally meta- 
andesite, is exposed, but are not common in the immediate vicinity 
of the more important primary veins. Neither pockets nor pri- 
mary veins have been found within the aureoles of contact meta- 
morphism surrounding the granodiorite masses. In deposits of this 
type the gold does not occur in quartz but in small calcite lenses 
between the meta-andesite and slate, between the calcite and slate, 
and in small specks along the contact without any gangue. It is 
only rarely that these pockets have been found sufficiently close 
together and extending to sufficient depth to justify continuous 
mining operations. As a rule the “ pocket hunter” gouges out a 
pocket, which may carry from a dollar to several thousand dollars 
in gold, and then moves on to prospect elsewhere along the con- 
tact. 

It is impossible to make any estimate of the gold produced from 
deposits of this type. Old pocket workings are found everywhere 
along the slate contact, and it is noticeable that the most extensive 
sluicing has been carried on along those streams which cross the 
contact and that in many of these streams there has been no 
placer mining upstream from the contact. The older gravels, 
which have been mined so extensively in the Weaverville Basin, 
are singularly deficient in quartz, as compared with those of the 
Sierra Nevada, and probably much of their gold content has been 
derived from pockets. 

7 Diller, J. S., loc. cit., p. 22 (Sherwood peneplain). 
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Gold is found entirely in such small pockets in two important 
mines of the region, the Mad Mule and the Five Pines group, but 
there is no essential difference between the occurrence of the gold 
in these and in the smaller surface workings. 

Mad Mule Mine.—The Mad Mule mine is one of the best ex- 
amples of the pocket type of deposit. The mine occupies the 
upper part of Mad Mule gulch, a steep ravine which flows into 
Whiskey Creek, about three miles north of Whiskeytown. The 
profitable workings extend from 2,300 to 2,900 feet elevation. 
The ground was located in the early fifties and the surface was 
first sluiced, and later a large number of tunnels run in along the 
contact. It is estimated that the total production has been over a 
million dollars. 

The pockets occur along the contact of the slate with a dike of 
diorite porphyry. The porphyry is striking in appearance, large 
white feldspars up to a centimeter in length are scattered through 
a fine-grained gray groundmass containing many small horn- 
blende needles. Away from the zone of weathering, which has a 
maximum depth of about fifty feet, the rock is generally fresh and 
hard. A little pyrite is the only indication of hydrothermal al- 
teration. The hornblende is completely altered to chlorite with 
some calcite and a little iron oxide. Calcite also occurs in irreg- 
ular patches and minute lenses and fissures. In these there is 
often an outer border of quartz, suggesting that an open cavity 
has been first lined by quartz and later filled with calcite. 

The dike attains its greatest width, about 150 feet, between 800 
and 1,000 feet east of the divide, and the contact has here been 
prospected more extensively than elsewhere. The dip is here very 
irregular but generally between 40° and 60° N. Farther down 
hill, about 3,000 feet east of the divide, the width is only about 
12 feet and the dip nearly vertical. At the extreme western end 
the thickness is only three or four feet and the dip nearly flat or 
at a low angle to the west. The dike pinches out completely 
within a short distance as it does not outcrop on the western side 
of the divide. Although cut by numerous small faults the dike is 
free from the intense shearing that characterizes the slate, meta- 
andesite and alaskite porphyry on its walls. 
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The alaskite porphyry is much sheared, and small lenticular 
masses of uncrushed rock stand out in the schistose matrix like 
pebbles in a conglomerate. 

The Bragdon formation as represented in the vicinity of the 
mine consists chiefly of black carbonaceous slate, which is much 
crushed and sheared along the contact and has a glistening black 
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Fic. 31. Section along line AB of Fig. 2. 


graphitic appearance, the carbonaceous material being concen- 
trated along the shear planes to such a degree as to blacken the 
hands. Near the contact are small lenses of quartz and calcite 
which are parallel to the shearing. Near the surface iron stain- 
ing is frequent and occasional small circular rosettes of gypsum 
needles are to be seen. 

The tunnels follow the walls of the dike and are more numerous, 
and, according to local report, have been more productive along 
the hanging wall. Small quartz stringers one to two inches wide 
cut the porphyry, and in the slate near the contact are many irreg- 
ular quartz and calcite lenses. The quartz is honeycombed with 
cavities, many of which are partly filled with sooty manganese 
oxide. Many of the cavities are drusy, with small quartz prisms, 
2 or 3 millimeters long, growing out from the flat faces of larger 
crystals. Other cavities are interstitial between larger quartz 
crystals, and in some of these minute manganese dendrites are 
arranged along two series of lines intersecting in rhombs, which 
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suggest that the manganese was deposited along cleavage cracks in 
calcite and that the cavity was formed by the leaching out of cal- 
cite. The slate is also cut by numerous small pyrite and calcite 
stringers. The pyrite is said to be auriferous. No arsenopyrite 
is visible in any of the specimens collected, but some arsenic is 
said to be present in the concentrates. As far as could be ob- 
served, no work has been done on these veinlets. 


Porphyry “7 


Fic. 32. Mad Mule Mine. Plan of a tunnel on the hanging wall side of the 
dike, showing irregular contact of slate and porphyry. 


The contact between the dike and the slate is extremely irregular 
in detail, and sharp wedges of slate entering the porphyry are 
common. ‘The uneven contact is in part due to initial irregular- 
ities of intrusion but for the most part to faults oblique to the 
contact. Stringers of manganiferous quartz follow some of these 
fissures, particularly those along which the displacement of the 
contact is small, but do not penetrate the crumpled slate. The 
slate reentrants are called “ points,” and it is along these, both on 


RCAVED 
Slate 
SS 
- 
SES: 
"UY 
30° 
SS, 
\ 
nots 
rit 
“5° 
° 
> 
Tet, 
59 100 150 FEET 
75° 
2) 
3 


we 


POCKET DEPOSITS OF KLAMATH MOUNTAINS. 249 


the hanging and footwall sides of the dike, that the pockets are 
found. Commonly there is a flat lens of calcite, not over four 
inches thick, in the trough formed by irregularities in the contact. 
The calcite is not as a rule directly in the bottom of the trough 
but along one side, tapering out towards the bottom. Such 


Fic. 33. Mad Mule Mine. Portal of one of the upper tunnels, showing 
pocket at point of slate re-entrant, due to minor irregularity of the contact. 
The dotted line follows the contact. 


“points ” as have been mined on the footwall side of the dike seem 
to be most commonly in the reverse position, that is, to be formed 
near the apex of the slate reentrant rather than in a trough. 
These calcite lenses are seldom more than three or four feet in 
length along the drift and have been followed upward for as much 
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as twenty or thirty feet. The calcite is rarely drusy but here and 
there acute rhombohedral crystals project into open spaces. Asso- 
ciated with the calcite is a very minor amount of quartz, and in 
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Fic. 34. Sketch showing position of pockets, Mad Mule Mine (from Bull. 
540, U. S. Geol. Survey). 


some specimens small specks of a green micaceous mineral were 
seen. 

Pyrite is the only sulphide seen in the calcite of the “ points,” 
and it is rare. It occurs as small thread-like veinlets crossing the 
calcite and as rare isolated crystals. In the troughs, which in all 
cases are present water courses, it occurs near the ends of the 
calcite lenses, though within the slate, as small octahedra. 
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Gold has been mined only in the “points.” Most commonly it 
forms a thin film on the surface of the calcite at the junction with 
the slate, rarely as plates of noticeable thickness. It is said that 
the largest single piece of gold taken from the mine was in the 
form of a plate nearly a quarter of an inch thick and weighing 
over a hundred ounces. Gold also occurs in much smaller masses 
entirely within the calcite, in small replacement veinlets, generally 
along the cleavage directions. Delicate feathery and dendritic 


Fic. 35. Photomicrograph of ore from Mad Mule Mine, showing replace- 
ment of calcite by gold. 


forms arecommon. The amount of gold present is greatest near 
the slate, diminishing outward into the calcite. The gold is also 
found as a film upon the irregular slickensided bands of slate in 
the calcite. Usually it does not enter the calcite but is confined 
to the slate surface as a barely visible film. Gold is sometimes 
found on the slate contact surface where calcite is lacking. The 
intersection of the manganese bearing quartz stringers, referred to 
above, with the calcite of the “ points” is regarded as an indicator 
of a rich pocket. 

Most of the calcite is coarsely crystalline and under the micro- 
scope the grains appear to interlock with curious angular reen- 
trants. Near the slate the grain is finer and the crystal outlines 
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indefinite. Small crumpled festoons of powdered slate are com- 
mon in the calcite near the walls. In the opaque material which 
forms these shreds of slate, the microscope reveals minute specks 
of a gray metallic mineral, probably arsenopyrite. The calcite 
which forms the mass of the lens is crossed by minute veinlets of 
later calcite. These are optically continuous with the older grains 
but are free from the closely spaced twinning lamellae which char- 
acterize the earlier crystals. 

Quartz occurs in scattered grains but is nowhere present in large 
amount. It is clearly older than the calcite since small grains 
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Fic. 36. Geologic sketch map of the meta-andesite area on Van Ness Gulch. 


show partial replacement and veining by the calcite. It is impos- 
sible to say how important quartz was originally in these lenses, 
since only partly replaced fragments remain. 

The “ points ” mined have been chiefly on the hanging wall side 
of the dike, and all have been found comparatively near the sur- 
face. Few of the tunnels are more than 200 feet in length, and in 
the longest, about 1,000 feet, pockets have not been mined beyond 
the first 500 feet, which is equivalent to a depth of 250 feet or 
less. 

Five Pines and Surprise Mines.—The Five Pines and Surprise 
mines are situated on the northeastern side of Van Ness Creek, 
about a mile and a half above its junction with Trinity River. 


g/ 
RS 
Me 
—e 
yes? 
| 
vis 


NAVI LEA | 


POCKET DEPOSITS OF KLAMATH MOUNTAINS. 253 


Between 1896 and 1912, these mines produced a total of $275,000. 
On the opposite side of the creek are the Keno and Emma pros- 
pects. 

The workings of all four mines follow the contact between 
meta-andesite and slate. The meta-andesite forms a low dome, 
the center of which has been cut through by Van Ness Creek. 
The contact pitches gently to the northwest and southeast and 
more steeply to the northeast and southwest, giving the area a 
roughly elliptical shape with axes of about a mile and one-half and 
one-half mile in length. The nearest intrusive rock is a dike 
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Fic. 37. Portion of second level. Surprise Mine, showing an extreme 
case of irregularity of the contact due to oblique faulting. 


of fine-grained alaskite porphyry which crosses Van Ness Creek 
a mile to the southwest of the end of the meta-andesite area. 

The deposits lie at opposite ends of the long axis of the dome, 
the Surprise and Keno on the east and west sides of the creek at 
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the northwest end and the Five Pines and Emma at the southeast. 
On the east side the contact reaches an elevation of about 2,520 
feet, rather more than 300 feet above the stream. West of the 
stream the central part is masked by slate and sandstone talus, but 
the line of contact probably does not extend as high. 

The dip of the slates and sandstones is most irregular and 
variable, but in general is away from the dome. There has been 
much motion along the contact, as is shown by the crushing of 
the slates, their sheared and glistening appearance, and by the 
black gouge generally present. While regular in general outline, 
the contact is very uneven in detail, as may be seen in the mine 
workings. Not only are the slates crumpled and the contact in 
many places sheared into minute corrugations, but there has been 
much faulting oblique to the contact so that narrow wedges of 
slate enter the meta-andesite. 

Pockets are found along the slate and meta-andesite contact, 
pe i on the northwest and southeast limbs of the anticline, but not at 

: the crest. Two veins of manganiferous quartz cut the meta- 

andesite and down hill from the contact of these with the slate 
are the mine workings. 
ig The Surprise Mine has been the most thoroughly developed of 
the four properties. The contact has been explored on three 
levels, the highest of which is 77 feet above Van Ness Creek, 
and the lowest 43 feet below. The drifts are in the meta- 
andesite and follow the contact until one of the small faults or 
manganiferous quartz stringers is reached. Close to the intersec- 
tion of stringer and contact a pocket may be expected, so the 
raises follow the fissures. Gold may be found on the calcite lenses 
which occur everywhere along the contact, but it is only near 
these fissures that important pockets have been found. The best 
of these pockets, and the first found, yielded $45,000 in a distance 
. of 44 feet along one of these slips. Other pockets of $15,000 and 
$10,000 have been taken out. 

In the slate near the contact are numerous lenses and veins of 
calcite and quartz. In places they have fairly sharp and well 
marked outlines ; elsewhere they are intricately crumpled with the 
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contortion of the slates near the contact. The lenses within the 
impervious slate never yield pockets. The only place where gold 
has been found above the contact is in Five Pines Mine. Here 
a band of solid black quartzitic sandstone about four feet thick 
lies a few feet above the meta-andesite contact. The slate be- 


Fic. 38. Surprise Mine, third level. Pocket at the intersection of a quartz 
stringer in the meta-andesite with the contact between slate and meta- 
andesite. The stringer faults the contact about three inches and the pocket 
is on the downthrown side. 


tween is intricately contorted, but except for slight faulting and 
fissuring by small quartz and calcite veinlets the sandstone has not 
been disturbed. Along the base of the sandstone near the trans- 
verse veinlets small calcite lenses carry gold. The occurrence of 
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the gold is here essentially similar to that along the meta-andesite 
and slate contact below, in that the sandstone here takes the place 
of the meta-andesite as the controlling factor in governing the 
flow of surface water and the deposition of the gold. 

The gangue minerals of the contact lenses are calcite, quartz and 
barite, the first by far the most abundant, particularly in connec- 
tion with the rich pockets. In several specimens it shows a dis- 
tinct pinkish tinge, and is manganiferous. Quartz is intimately 
mixed with the calcite, and as in the Mad Mule, seems to be the 
older and in part replaced by the calcite. The quartz found at the 
surface is honeycombed from the solution of the calcite, and is 
largely coated with manganese oxide. Barite forms minute tab- 
ular crystals in the pink calcite. 

Sulphides are rather rare, and include only pyrite and arsenopy- 
rite. Both are said to be auriferous, but owing to the small 
quantity present they are not saved. Arsenopyrite is the more 
common of the two and occurs in minute crystals along shear 
planes of the black slate close to the calcite, and very rarely in 
small radial clusters in the calcite itself. It is said to be more 
common near the pockets. Pyrite was seen chiefly in the slate and 
more rarely in the calcite close to the slate. 

Gold, where coarse enough to be visible, is always in the calcite 
or between the calcite and black slate, or more rarely without 
gangue minerals on the slickensided contact of slate and meta- 
andesite between the meta-andesite and the black gouge of crushed 
slate. It is never found in the quartz. In the calcite gold 
appears to be deposited chiefly along the cleavage planes and is 
never seen far from the slate. As at the Mad Mule it has replaced 
the calcite, working outward from small fissures. Most of the 
gold is coarse and it is estimated that 80 per cent. of the produc- 
tion of the mines has been recovered with hand mortar and pan. 

Eldorado Mine.—The Eldorado mine, near Tower House, pre- 
sents features which suggest a deposit of similar type. The lode 
lies along the faulted contact of meta-andesite and slate. As a 
part of the faulting has been oblique to the original contact, sharp 
wedges of slate enter the meta-andesite at small angles, and small 
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lenses of much crushed slate are included in the meta-andesite 
near the slate. Quartz occurs in small lenses about 2 feet in 
width along the slate walls and in the meta-andesite near the 
slate. The vein quartz is much mixed with fragments of meta- 


Fic. 39. Surprise Mine. Specimen of ore showing gold in calcite. 


andesite, whose uncertain boundaries imply some replacement. 
No calcite was seen. The ore on the main level is almost com- 
pletely oxidized. Sooty manganese oxide partly fills many of the 
vugs and blotches of iron oxide show the alteration of pyrite. 
On a lower level, pyrite was found in the quartz but the only 
workable ore was that carrying free gold, obtained on the main 
level. 

The gold occurs in pockets in the quartz and in the black gouge 
derived from the crushed slate. The richest pocket found, from 
which $2,500 worth of gold was taken, was entirely in the gouge 
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between quartz and meta-andesite. Other rich pockets have been 
found in connection with quartz veinlets, generally less than an 
inch wide, in the meta-andesite close to the infaulted lenses of 
slate. These veinlets carry visible gold in association with specks 
of iron oxide and in small flakes lining minute vugs. So far as 
could be observed, the rich quartz was free from manganese. 


ORIGIN, 


The smaller pockets which have been gophered out here and 
there throughout the whole length of the meta-andesite and slate 
contacts, appear to be replicas on a small scale of the ore found in 
the Five Pines group. The region around Minersville has been 
particularly productive of pocket gold, and here workable quartz 
veins are lacking. On the other hand, in the vicinity of French 
Gulch, Deadwood and Eastman Gulch, where workable veins are 
numerous, pockets do not seem to have been common. Much of 
the gold taken from the Minersville region in the early days was 
obtained by hydraulicking the rich surface pockets. As exposed 
in the small pocket workings near Minersville the meta-andesite is 
jointed and many of the joint planes carry small veins of man- 
ganiferous quartz, generally less than a half inch wide, and all 
appear to be manganese stained. The jointing and veining disap- 
pear in the soft slate above the meta-andesite. The junction of 
these veinlets with the slickensided and gougy slate has been the 
determining factor in prospecting for pockets, but nowhere has 
work been carried to any depth. 

The pocket deposits of this region have been studied by 
Hershey,* who reaches the conclusion that they are the result 
of the solution of the gold contained in pyritized zones in the 
meta-andesite by descending meteoric waters, and redeposition 
by contact with the black slate. He says in part: 


“ 


... The reason that the slate-volcanic rock contact is the great 
‘pocket’ horizon is, that it is there that the gold-bearing solution first 
reaches a carbonaceous rock—the carbon precipitates the gold. The 
water may reach the contact by traveling nearly horizontally through 


8 Hershey, O. H., “ Origin of Gold Deposits in Northern California,” Min. 
and Sci. Press, vol. 101, pp. 741-742, 1910. 
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inclined strata or by ascending under hydrostatic pressure. The sheared 
slate so frequently found along the contact aids in holding the solution 
to it while the gold is being deposited. Probably, also, water issuing 
from the slate carries the precipitating agent. For a long time the point 
of union between the precipitant and the gold-bearing water remains at 
one place at or near the contact and thousands of dollars’ worth of gold 
is thrown down within a space of a few cubic yards or less.” 


Hershey’s explanation of the origin of pocket deposits, deposi- 
tion of the gold by meteoric waters, appears to be the most reason- 
able that can be offered, and the following discussion is largely an 
elaboration of his original explanation. A fact, however, which 
does not seem to be consistent with this explanation is, if one 
may judge from the prices obtained by the mines, that the gold 
from the pockets averages little if any finer than the average of 
the lode gold throughout the region. The gold from the Mad 
Mule sells at $16.00 per ounce of slightly higher, that from 
the Five Pines and Surprise averages about $16.75, while some 
of the gold from Eldorado is worth only about $14.00 an ounce. 
These values are about on a par with those of the primary gold 
of the quartz mines. 

Hershey believes that pyritized zones in the meta-andesite are 
the source from which the pocket gold is derived. It seems more 
probable to the writer, however, that the source of the gold is the 
small, pyrite-bearing, manganiferous quartz veins which occur in 
the vicinity of the pockets. The quartz-calcite veins, which are 
characteristic of the French Gulch, Deadwood and Eastman 
Gulch districts, do not show evidence of any important enrichment, 
and these localities do not appear to have been rich in pockets. 
On the other hand, small manganiferous quartz veins are common 
in the meta-andesite, and though not in themselves of sufficiently 
high tenor to be workable, appear to be everywhere associated 
with the pocket deposits. It seems likely that small veins and 
stringers of this type have furnished the gold for the pockets of 
the Mad Mule, Surprise and Five Pines mines and the many 
smaller pockets as well. The fissuring which produced the veins 
in the meta-andesite did not penetrate the soft slate, and above 
the meta-andesite primary deposition has taken place in irregu- 
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lar lenses in the slate and along the contacts. Probably the gold 
in the oxidized portion of these small manganiferous quartz veins 
and the irregular lenses in the slate is taken into solution in surface 
waters by active chlorine from chlorides through the agency of 
some manganese peroxide.® In the cases considered by Emmons 
important secondary enrichment is possible only at, and below 
the water level. In the pocket deposits, however, conditions 
favor the deposition of gold at a point not far from its source, 
without respect to the lack of oxidizing conditions. 

Hershey has suggested the importance of the carbon of the 
black slates as a precipitating agent. Qualitative chemical tests 
show that the slates contain carbon, which is not present in the 
form of graphite. Under the microscope the slate is seen to be 
composed largely of opaque matter, presumably carbonaceous. 
Arsenopyrite and pyrite, both effective precipitants, are also pres- 
ent in the slate near the pockets. Even where no sulphides are 
visible a small fragment of black slate heated in the closed tube 
gives a ring of sulphur, and where the slate has been long exposed 
to the air, as on the crests of the ridges which mark the level of the 
Sherwood peneplain, it changes color to brown and yellow. Ar- 
senopyrite and pyrite also occur in the calcite, but gold was never 
observed in direct contact with the sulphides. Whatever may be 
the agent of greatest importance, the effectiveness of the slate as 
a precipitant has been demonstrated by the failures which have 
attended the attempts to cyanide the tailings from the primary 
veins in the slate of the French Gulch and Deadwood districts. 
More or less slate is of necessity mined with the ore, and owing 
to the precipitation of gold from solution by the slate particles, 
cyanidation has not been found practicable with these ores. 

Probably the most important single factor in the formation of 
pockets is the presence of calcite in the small lenses along the 
contact. Calcite is the only gangue mineral found with pocket 
gold. The gold, however, is later than the calcite and replaces it. 
It nowhere enters the calcite for any distance. The function of 
calcite under such conditions, as outlined by Brokaw’® and by Ed- 


® Emmons, W. H., Trans. Am. Inst. Min. Eng., vol. 42, p. 3, 1911. 
10 Jour. Geol., vol. 21, p. 263, 1913. 
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dingfield,’? is to neutralize the acid gold-bearing waters with con- 
sequent deposition of the gold. That calcite is dissolved by the 
the gold bearing solutions is shown by the replacement of calcite 
by gold. It is peculiar, however, that in the pockets the man- 
ganese dioxide has not as a rule been precipitated with the gold 
on the calcite. 

The formation of pockets appears to be due to a combination 
of favorable conditions. Among these are: the presence in the 
meta-andesite of numerous low grade manganiferous quartz veins 
carrying small amounts of gold, which reach the contact but do 
not penetrate the slate; the slipping along the contact which has 
slickensided the slate sufficiently to confine the waters more or 
less to the contact; the trough-like irregularities of the contact, 
which form water courses; the presence of the calcite lenses; and 
the long period of erosion which thé region has undergone. The 
process of pocket formation seems to have been as follows: Gold, 
released from the original position in the pyrite of the low grade 
manganiferous quartz veins, is taken into solution by nascent 
chlorine formed by the action of sulphuric acid upon a chloride 
with a manganese peroxide present as oxidizing agent. The 
peculiar conditions of the slate and meta-andesite contact have 
controlled the flow of these waters, which, unable to penetrate to 
any extent through the gouge-like slates, necessarily follow the 
slate contact, particularly along the slate reentrants. It is along 
this contact that the precipitating agencies, carbonaceous matter, 
pyrite and arsenopyrite, are effective. The calcite neutralizes the 
gold bearing solutions before they can proceed far from the source 
and prevents continued migration downwards. Long erosion to 
the level of the Sherwood peneplain and below it in the stream 
valleys, has afforded an excellent opportunity for gradual deposi- 
tion of the gold in these pockets. 


11 Philippine Jour. Sci., vol. 8, sec. A, p. 125, 1913. 


ORES OF GILPIN COUNTY, COLORADO. 
Epson S. BAsTIN. 


INTRODUCTION. 

An exhaustive report on the economic geology of Gilpin 
County and adjacent portions of Clear Creek and Boulder coun- 
ties, Colorado, by Edson S. Bastin and James M. Hill, is now in 
process of publication by the United States Geological Survey. 
The present paper is not intended to be even a summary of that 
report, but its purpose is to present in abbreviated form those 
scientific results that are likely to be of most interest to economic 
geologists. Although Mr. Hill has not shared in the prepara- 
tion of the present paper, the field observations made by him form 
an essential part of the observational ground-work upon which 
the scientific conclusions here presented are founded, and his con- 
tribution in this way is gratefully acknowledged. Acknowledg- 
ment is also made of the assistance of Mr. Charles W. Henderson, 
in a part of the field work. 

The region to be considered lies 30 to 35 miles west and north- 
west of Denver in the heart of the Front Range of the Rocky 
Mountains. It is the oldest lode mining region in Colorado and 
its discovery in 1859 was the occasion of a “ rush” second only in 
importance to that precipitated by the California discoveries of 
1849. The area includes the productive portions of Gilpin County 
and small adjacent areas in Boulder and Clear Creek counties, all 
within the area covered by the Central City topographic sheet of 
the United States Geological Survey. The region is mountainous 
and of moderate humidity. The principal mining centers are the 
following: 


Central City. 
Blackhawk. 


Nevadaville. 


Perigo. 
Apex. 
1 Published with the permission of the Director of the U. S. Geological 
Survey. 
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Idaho Springs. 
Gilson. 
Dumont. 
Lawson. 


{ Caribou. 


GENERAL GEOLOGY. 

The entire region lies within the area of pre-Cambrian rocks 
that forms the core of the Front Range. Probably in early Ter- 
tiary times igneous rocks of many varieties were intruded as dikes 
or stocks into the pre-Cambrian rocks: these instrusives are the 
“porphyries” of the miners. Surficial deposits of glacial or 
fluviatile origin are the only other formations present. 

Pre-Cambrian Rocks.—The essential characters of the pre- 
Cambrian formations are shown in tabular form below; the 
youngest at the top, the oldest below: 


Name. Characters. 
(IV. Silver Plume Medium-grained ) 
granite. biotite-granite 


with coarser 
pegmatitic fa- 


eles. Little or not at 


all dynamo- 
III. Quartz dioriteand Medium-grained 
associated horn- quartz diorite 
blendite. locally grading 
Igneous...... 4 into hornblend- 
ite. 
II. Granite-gneiss. Fine to medium- 
grained, some- | 
what gneissic Moderately dy- 
granite with > namo-meta- 
coarse-grained morphosed. 
pegmatitic fa- 
cies. J 
I. Idaho Springs Mostly quartz- 
formation. biotite and bio- 
tite-sillimanite Highly dynamo- 
Sedimentary . schist. Some metamor- 
hornblende- phosed. 
schist and lime- 
silicate rock. J 


The pegmatitic facies of the granite-gneiss and Silver Plume 
granite are very abundant and conspicuous and are commonly so 
intimately injected into the schists of the Idaho Springs forma- 
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tion that together they form injection gneisses. The contact 
metamorphic effects of some of the pre-Cambrian granitic intru- 
sives have converted certain biotite schists of the Idaho Springs 
formation into hornblende schists and certain calcareous rocks into 
lime-silicate rocks (with garnet, epidote, etc.). 

Tertiary? Igneous Rocks.—Al\though showing some age diver- 
sity among themselves, all of the later intrusives of this region are 
believed to be of Tertiary age. They occur as stocks and dikes 
and are abundant in all parts of the area studied. The principal 
rock type is monzonite porphyry, which is the predominant rock 
of all of the larger stocks and is the most abundant dike rock. 
Magmatic differentiation within one of the monzonite stocks (at 
Caribou) has produced masses of gabbro and iron ore, and it is 
believed that many of the dike rocks other than monzonite have 
also been derived by processes of differentiation from monzonitic 
magmas. The Tertiary igneous rocks range from felsic (acid) 
varieties such as granite-porphyry to mafic (basic) varieties such 
as basalt-porphyry and the ultra-mafic iron ores. The monzonites 
and most of the other Tertiary intrusives are older than the min- 
eral veins of the region, but at least one type, biotite-latite, is 
younger. 

Structure—The most important structural characteristic of the 
region is the intricate manner in which the igneous rocks, ranging 
from pre-Cambrian to Tertiary in age, have been intruded into the 
sedimentary groundmass of the Idaho Springs formation and into 
each other. The intrusives range in size from mere threads 
between schist foliae to stocks several miles across. Dikes are 
particularly abundant and in exceptional cases are traceable con- 
tinuously for over five miles. Many of the intrusives are lentic- 
ular in form with their greatest dimensions parallel to the pre- 
vailing foliation of the enclosing rocks; others are extremely 
irregular. 

Purely dynamic processes have also played a part in the struc- 
tural history, their principal effect being the development, under 
deep-seated conditions, of foliation in the older pre-Cambrian 
rocks. At much later periods, under less deep-seated conditions, 
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faulting took place. Some of the faults were formed prior to or 
contemporaneous with the intrusion of the Tertiary igneous rocks ; 
others were formed shortly after these intrusions and became the 
locus of ore deposition, and still others were formed subsequent to 
the mineralization and displace the ore-bodies. Faulting may still 
be in progress. Joints are numerous in the more rigid rocks and 
commonly parallel one or more of the directions of faulting. 


ECONOMIC GEOLOGY. 


ORES GROUPED BY PREDOMINANT METAL VALUES, 

The ores of Gilpin County and adjacent areas here described 
may be grouped according to the metals which give them their 
predominant value, into the following five classes: 

1. Gold-silver ores, which constitute the main economic re- 
source of the region. : 

2. Uranium ores, highly localized but of much interest as a 
source of radium. 

3. Tungsten ores, which form the basis of the tungsten industry 
of Boulder County, the largest producing center for this metal in 
the United States. 

4. Copper ores, poor in precious metals, represented solely by 
the Evergreen mine near Apex. 

5. Titaniferous iron ores of Caribou, Boulder County, which 
are not commercially valuable. 

The region forms part of a broad mineralized belt embracing 
most of the important mining camps of Colorado. 


ORE STRUCTURES. 


Veins far exceed in abundance and importance all other struc- 
tural types among the ore deposits of this region. A few large 
deposits are stockworks, and there are also a few irregular ore 
bodies formed by magmatic differentiation. Mechanical concen- 
trations are represented by auriferous gravels now practically 
worked out. 

Veins.—The great majority of the ore bodies occupy zones of 
minor faulting and are true veins. These commonly strike be- 
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tween east-west and N. 45° E. and dip at angles of 60° or steeper. 
“Flat” veins are rare. The width is commonly between 1 and 
5 feet, but telluride-bearing veins as narrow as % inch or less 
are worked and exceptional mineralized zones attain a width of 40 
feet. A very few veins are fillings of a single persistent fracture, 
but most of them are mineralized fracture zones. In many of 
these zones there has been brecciation, and the spaces between 
the rock fragments have been filled with metallic minerals. The 
longest vein noted is the Mammoth near Central City which is 
traceable on the surface almost continuously for 6,000 feet. Few 
other veins attain half this length. The greatest depth to which 
a vein has been followed is 2,250 feet (along the dip) in the case 
of the California. While certain veins are without important 
branches, most of them are elements of a complicated vein net- 
work composed of master veins connected by oblique cross-veins. 

Mineralization along the vein fractures was accomplished by 
the filling of open spaces and by metasomatic replacement. In 
most veins both processes were operative, but their relative im- 
portance differs in different veins and in different parts of the 
same vein. On the whole replacement has been more important 
than fissure filling. 

Stockworks.—One of the most interesting geologic features of 
the region is the so-called “Patch” on Quartz Hill. The 
“ Patch” may be described as a roughly cylindrical mass of brec- 
ciated rock, which is locally well mineralized. Its surface out- 
crop is oval and about 500 by 800 feet across, and the breccia has 
been traced downward in mine workings for about 1,600 feet and 
may extend much deeper. The brecciated rocks are pre-Cambrian 
granite-gneiss and Tertiary porphyry (bostonite) so that the brec- 
ciation is later than the porphyry intrusion. Movement within the 
“ Patch” has locally been great enough to mingle indiscriminately 
rock fragments of several different varieties. The brecciation 
and also the mineralization has in general been greatest along the 
line of several veins of northeast-southwest trend that enter at 
one side of the “ Patch” and emerge at the other. The mineral- 
ization of the “ Patch,” as of the veins, has been accomplished in 
part by the filling of open spaces and in part by replacement. 
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The origin of this peculiar ore body has been the subject of 
much speculation among the mining men of the region. Detailed 
evidence of origin will not be given here, but it is entirely clear 
that the “ Patch” breccia was formed by the same general move- 
ments that developed the associated vein fractures. Where the 
“Patch” now is, a number of strong vein fractures approached 
unusually close to each other, and the movement along them be- 
came distributed throughout the intervening rock. The mineral- 
ization of the “ Patch” is continuous with that of the veins that 
enter it and is of the same mineralogic character. 

Mineralized breccias similar to the “ Patch” but less extensive 
occur in several other mines.” 

Magmatic Segregations.—Within a monzonite stock at Caribou 
occur four bodies of gabbro and related rock of somewhat rounded 
outline. The greatest dimension of any of these is about one- 
fourth mile. Within these gabbro masses in turn, occur several 
small bodies of titaniferous iron ore, some of which are lens- 
shaped, while others are wholly irregular. Gradations are trace- 
able from iron ore through gabbro into monzonite and the ore 
was unquestionably formed through magmatic differentiation. 
Its origin is discussed at more length on pages 278 to 281. 

The copper minerals of the Evergreen mine near Apex occur 
within dikes of monzonite where they crystallized contempora- 
neously with the silicates of the rock. The ore is apparently a 
product of magmatic differentiation under localized and unusual] 
conditions (see page 277). 

Auriferous Gravels.—Pleistocene and Recent gravels, originally 
auriferous, were practically worked out many years ago. 


GOLD-SILVER ORES, 


The main dependence of the mining industry of Gilpin County 
is upon auriferous and argentiferous sulphide veins (with a few 
stockworks). In some of these copper or lead or, more rarely, 
zinc are abundant enough to be of supplementary value. In most 
of them gold greatly predominates in value over silver, but in 


2The Hubert at Nevadaville, and the Alice and Commercial Union mines 
near Alice. 
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some, usually as a result of downward enrichment in silver, the 
reverse is the case. Of less though not inconsiderable impor- 
tance are deposits in which the gold and silver occurs mainly as 
tellurides rather than in sulphides. Gold placers may be neglected 
in the present discussion. 

One of the most interesting features of the ore deposits is the 
mineralogical diversity exhibited by the sulphide ores of gold and 
silver. This permits them to be classified as: 

(a) Pyritic ores. 

(b) Galena-sphalerite ores. 

(c) Composite ores carrying the minerals of both classes a 
and b. 

The Pyritic Ores—This is the commonest type of gold ores. 
In them pyrite is the predominant sulphide. Chalcopyrite and 
tennantite are usually present but always in subordinate amounts. 
Where the ores are fissure fillings quartz is the principal gangue, 
but where they are replacements sericitized wall rock is the prin- 
cipal gangue. A group of veins all lying within three-fourths of 
a mile of the Hazeltine mine near Russell Gulch (see Plate XII.) 
differ from the commoner pyritic veins in carrying enargite 
(3Cu,SAs,.S,) instead of tennantite (4Cu,SAs.S,). Fluorite is 
a constituent of most of these enargite-bearing veins and of a few 
neighboring veins of the ordinary pyritic type. The enargite and 
fluorite-bearing veins are believed to be merely local variations 
of the pyritic mineralization for both enargite and fluorite are 
contemporaneously intergrown with the typical minerals of the 
pyritic ores. 

Detailed studies on many ore samples show that the pyritic ores 
are commonly irregularly massive in texture and that the charac- 
teristic ore minerals were all deposited during the same period of 
mineralization. There is recognizable among them, however, a 
prevailing sequence analogous to the order of crystallization 
among the minerals of a massive igneous rock. To epitomize, 
chalcopyrite, tennantite and fluorite were deposited in greater 
abundance in the later than in the earlier stages of the pyritic 
mineralization, as shown by their tendency to line vugs or to 
occupy the medial portions of veins. The chemical significance 
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of the order of crystallization may be summarized in the statement 
that copper, arsenic, antimony, bismuth, and fluorine were depos- 
ited mainly in the late stages of the mineralization, whereas iron, 
sulphur and silica were deposited throughout the process. 

The pyritic ores are the most widely distributed ore type, occur- 
ring in practically all parts of the region under discussion. They 
constitute the entire output of the Saratoga, Pewabic, Old Town, 
Alice, and many other mines. The metal content of the smelting 
ore commonly lies within the following limits : 

Gold, 1.00 to 3.00 oz. 

Silver, 4.00 to 8.00 oz. 

Copper, commonly less than 1.5 per cent., but in some ores 15 
to 16 per cent. 

The gold content is commonly highest in the ores richest in 
chalcopyrite. 

Galena-sphalerite Ores.—In the ores of this type the predom- 
inant primary sulphides are galena and sphalerite; pyrite is next 
in abundance and then chalcopyrite. The principal gangue min- 
erals where the ores are fissure fillings are quartz and either sider- 
ite or calcite; where the ores are replacements the gangue is seri- 
citized wall rock. Like the pyritic ores these ores occur prin- 
cipally as veins but subordinately as stockworks. In a few veins 
of this type situated near the head of Gilson Gulch northeast of 
Idaho Springs, rhodochrosite is present. Barite is not uncommon 
as a subordinate gangue. A distinct sequence in the order of 
crystallization of the minerals of these ores is much less apparent 
than in the pyritic ores. Most of the constituents appear strictly 
contemporaneous, but in some ores the crystallization period of 
resin sphalerite, calcite, siderite or quartz persisted later than that 
of the other constituents. The ore texture is irregularly massive, 
seldom crustified. 

The metal content of the galena-sphalerite ores is much more 
variable than that of the pyritic ores. In some (Red Elephant 
Hill near Lawson, and Caribou, for example), the gold content is 
negligible and the veins are workable for silver only where the 
silver content has been augmented by downward enrichment. In 
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others (such as the Topeka, Hubert and Egyptian) workable 
amounts of gold occur in the primary ores. In general for the 
smelting ores of the galena-sphalerite type the gold content is 
between 0.1 and 5.5 oz. and the silver content between 2 and 25 
oz. A noteworthy exception is the remarkable bonanza ore of 
the Klondike vein in the Topeka mine near Central City which 
carried free gold in extraordinary amounts. An 88-pound piece 
when smelted yielded $5,449, largely in gold. This gold was a 
primary crystallization, being contemporaneously intergrown with 
the characteristic primary sulphides of the vein. The copper con- 
tent is usually below the commercial limit of 1.5 per cent. and 
rarely exceeds 10 per cent. Lead varies from 0 to 55 per cent. 
and zinc from 0 to 25 per cent. In general the primary ores of 
this class are poorer in gold and copper and richer in silver than 
those of the pyritic type. 

The galena-sphalerite class of ores though widely distributed 
within the area under discussion is somewhat less common than 
the pyritic ores. The mining camps that have grown up near cer- 
tain groups of these veins such as Caribou and Lawson are classed 
as silver camps because of the great predominance of that metal 
in their ores. 

Composite Ores.—The ores to which the term composite ores is 
here applied are the result of dual mineralization, first with 
minerals characteristic of the pyritic ores and later with minerals 
characteristic of the galena-sphalerite ores. Many of the most 
important mines of the region, such as the Gunnell and California, 
have produced ores of this character. Fig. 41 shows the mega- 
scopic appearance and Fig. 40, the microscopic appearance of 
typical composite ores. Such relationships as are pictured in 
these illustrations indicate (1) pyritic mineralization, (2) frac- 
turing, and (3) mineralization of the galena-sphalerite type. 
These relations were noted in many ores in all parts of the region 
and it appears certain that they are the normal and not the excep- 
tional relations. The reverse relation of galena-sphalerite ore 
brecciated, and its interspaces filled with pyritic ore was nowhere 
noted. A concordant relationship is the occurrence of minerals 
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characteristic of the galena-sphalerite ore type in vugs in pyritic 
ore. In many mines two or all of the three types, pyritic, com- 
posite, and galena-sphalerite ores, may be present. Veins that at 
the surface are composite quite commonly become pyritic with 


MILLIMETER 
Fic. 40. Camera lucida drawing of polished surface of gold-silver ore 
from Specie Payment vein, showing pyrite of the early mineralization brec- 
ciated and traversed by veinlets of the later mineralization consisting of 
sphalerite (S P H), chalcopyrite, and quartz. 


depth, and many veins are composite at one end of their outcrop 
and pyritic at the other. 

As would be expected, composite ores are most abundant in 
the border regions between areas characterized by pyritic ores and 
areas of galena-sphalerite ores. The metal content of the com- 
posite ores is extremely variable; it has all the variability that 
characterizes each component type and varies also with the pro- 
portions in which the two component types are mingled. 

Wall Rock Alterations near Sulphide Ores.—The predominant 
wall rock alterations associated with all of the three types of sul- 
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phide ores that have just been described are sericitization and 
pyritization. Even near fissure fillings that are predominantly 
galena and sphalerite, pyrite is the principal sulphide developed 
in the walls. Carbonates (calcite or siderite usually) are devel- 
oped near some veins and not near others; they are much more 
abundant near ores of the galena-sphalerite type than near pyritic 
ores. In their early stages the alterations are markedly selective, 
the minerals showing differing susceptibilities to alteration and 
yielding different alteration products, thus indicating a chemical 
interchange between certain rock minerals and the mineralizing 
solutions. Chlorite and epidote, formed locally in the early stages 
of alteration, are replaced by sericite during a later stage. The 


Fic. 41. Ore of a composite type. Pyritic ore has been brecciated and 
the fractures filled with ore of the galena-sphalerite type. Fourth of July 
Mine. 


earlier effects of alteration vary in different kinds of rocks, but 
the end products of the process are similar whatever the original 
character of the rock. 

Telluride Ores.—The telluride ores of the quadrangle show 
more diversity in mineral character than the sulphide ores of gold 
and silver, and knowledge concerning them is less definite. It is 
not at all certain that all were formed at the same time. 
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Tellurides of gold and silver have been found in close associa- 
tion with sulphide ores of gold and silver,® but the writer was un- 
able to secure specimens which showed the mutual relations of 
sulphides and tellurides. It is uncertain, therefore, whether the 
tellurides of such veins were deposited during the sulphide min- 
eralization or represent a separate mineralization. In those mines 
that have been the largest producers of telluride ores the tellurides, 
although associated with some sulphides, were not components of 
typical sulphide ores of the types that have been described but 
occur in entirely different mineral associations which will be 
briefly described. In the East Notaway and West Notaway 
mines near Central City the tellurides occur as a constituent of 
small veins, characteristically one to three inches wide, which are 
mainly dark-gray fine-grained quartz with minor amounts of fine 
grained pyrite and antimoniacal ‘tennantite. Locally there are 
several small anastomosing veinlets instead of a single vein. Mi- 
croscopic study shows that all of the vein minerals belong to the 
same period of mineralization, but sulphides are commonly most 
abundant near the walls of the veins and the telluride most abun- 
dant near the center. The telluride which is sylvanite usually 
occurs in isolated blade-like or tabular crystals in the quartz but 
locally is contemporaneously intergrown with tennantite. The 
telluride veins cut dikes of Tertiary monzonite porphyry and cut 
a typical sulphide vein of the pyritic type (the Homestake). 

The most important present producers of telluride ores are the 
War Dance mine near Central City and the Treasure Vault near 
Idaho Springs. In both of these mines the tellurides are asso- 
ciated with abundant fluorite and with pyrite, resembling in these 
respects the ores of Cripple Creek. In the War Dance mine 
which afforded the best opportunities for study, the telluride ore 
forms networks of small veinlets and irregular replacements of the 
wall rock near minute fractures. The ore minerals are fluorite, 
quartz, pyrite and a telluride of gold and silver that is probably 
sylvanite. The telluride occurs as small flakes or plates of pale 
brass color, usually inclosed by fluorite. Free gold is present in 


3In the Gem and Casino mines near Idaho Springs, and in the Kokomo, 
Sleepy Hollow and Gregory mines near Central City. 
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some of the ores of this type, but as the specimens available were 
not adapted to microscopic study it could not be determined 
whether the gold was primary or a product of oxidation. In the 
War Dance mine a sulphide vein of the composite type occurs 
close to the telluride ore. This sulphide vein is not known to 
carry tellurides and is poor in gold. Hence it is probable that the 
two ore types were not contemporaneous. 

Telluride ores of gold and silver occur near Eldora in Boul- 
der County, but as none of the mines could be entered the writer 
is unable to add anything to the published descriptions of Rick- 
ard* and Lindgren.® 

URANIUM ORES. 


Uraninite or pitchblende occurs in nature (1) in small amounts 
in granite pegmatites and (2) in intimate association with com- 
moner metallic minerals in a few ore deposits. Quartz Hill near 
Central City is the one important locality in the United States 
and one of the few in the world that exemplifies the second mode 
of occurrence. For a number of years a small and sporadic 
production has come from this locality and has been used mainly 
in experimental work and for museum specimens. Pitchblende 
has been found in seven mines of Quartz Hill, all within an area 
less than one-fourth of a square mile in extent. (See Plate XII.) 
All of these mines have produced sulphide ores of gold and silver, 
and in most of them the pitchblende has been of very subordi- 
nate importance. 

Microscopic study of the ores shows conclusively that the 
uraninite is intergrown contemporaneously with chalcopyrite 
and probably with quartz and pyrite, but that it is sharply cut by 
veinlets composed of galena, sphalerite, chalcopyrite, pyrite and 
quartz. The minerals contemporaneous with the uraninite are 
those characteristic of the pyritic type of gold-silver ores, whereas 
the minerals of the transecting veinlets are those characteristic 
of the galena-sphalerite type of gold-silver ores. From the evi- 


4Rickard, T. A., “The Veins of Boulder and Kalgoorlie,” Trans. Amer. 
Inst. Min. Eng., vol. 33, 1902, p. 68. 

5 Lindgren, W., “Some Gold and Tungsten Deposits of Boulder County, 
Colo.,” Econ. Grot., vol. 2, 1907, pp. 453-463. 
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dence available it appears probable therefore that the uraninite 
ores are merely a local and unusual variety of the pyritic type 
of gold-silver ores. They appear to represent a mineralogical 
variation of the same order as the occurrence of enargite in some 
of the pyritic veins near Russell Gulch. The Quartz Hill deposits 
contrast strongly with the pitchblende deposits of Cornwall and 
the Erzgebirge in the entire absence of nickel and cobalt minerals. 


TUNGSTEN ORES, 


The tungsten ores of Boulder County have been described at 
length by George and Crawford in a report prepared for the 
State of Colorado® and were not investigated in detail by the 
present writer. The principal mineral is ferberite, but with it 
are associated in small amounts ‘several of the following min- 
erals: scheelite, pyrite, chalcopyrite, galena, sphalerite, molyb- 
denite, gold tellurides, and possibly fluorite and adularia. While 
no conclusive proofs have been obtained, these mineral associa- 
tions have led most of the geologists who have studied the de- 
posits to believe that they were closely related to the gold-silver 
deposits of the region and were probably of nearly the same age. 
Three features noted by the present writer appear to have a 
bearing on their origin and their relation to the other ore classes 
of the region. First: In the region where the tungsten ores are 
most abundant they almost wholly supplant other types of ores. 
Second: They occur in the only part of the quadrangle in which 
Tertiary dikes of mafic (basic) or intermediate composition are 
abundant and adjacent to the only monzonite stock which ex- 
hibits extreme mafic (basic) differentiation (7. e., the Caribou 
stock with its iron ores). Third: The tungsten district lies be- 
tween an area of productive gold-silver veins on the west and a 
region barren of important mineral deposits on the east. These 
relationships and the mineral associations already cited are in 
harmony with the view provisionally adopted by the present 


® George, R. D., and Crawford, R. D., “The Main Tungsten Area of 
Boulder County, Colorado,” First Report, Colorado Geological Survey, 1908. 
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writer that the tungsten ores represent an unusual phase of the 
general Tertiary mineralization of the region and that their 
origin is possibly connected in some way with the unusual mafic 
(basic) differentiation which characterized the monzonite mag- 
mas of this part of the region. 


COPPER ORES. 


In a region characterized by fissure veins, valuable mainly for 
the gold and silver they contain, the copper ores of the Ever- 
green mine near Apex stand unique both as regards mineral 
character and mode of occurrence. They have already been 
described in detail in an article by the present writer and J. M. 
Hill, which appeared in this journal’ so that they will be given 
only brief mention here. The primary ore minerals of the 
Evergreen mine are bornite and chalcopyrite. These do not 
occur in fissure veins but as constituents of dikes of monzonitic 
composition that are clearly offshoots from neighboring mon- 
zonite stocks. In places the monozonite has so shattered the 
schist and pegmatite wall-rock that an igneous breccia has re- 
sulted. Chalcopyrite and bornite occur in the igneous matrix 
of this breccia, but never in the wall-rock fragments. In addi- 
tion to its sulphide content the monzonite of the Evergreen 
mine exhibits other abnormalities; it carries small prisms of 
wollastonite locally in great abundance and in a few places, in 
close association with the sulphides, it contains garnet. 

The bornite does not appear to be an alteration product of the 
chalcopyrite for the occurrence of bornite enclosed by chalco- 
pyrite is as common as the reverse relation, and the bornite does 
not rim the chalcopyrite or follow incipient fractures in it. On 
the contrary the two minerals are very irregularly asociated, 
locally in a fashion resembling a graphic intergrowth. The 
chalcopyrite and bornite do not appear to be metasomatic replace- 
ments of the silicates of the monzonite although they may have 
corroded the silicates slightly in places; on the contrary, they ap- 


7 Bastin, E. S., and Hill, J. M., “ The Evergreen Copper Mine, Colorado,” 
Econ. Gerot., vol. 6, pp. 465-472, 19¢°. 
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pear to have crystallized essentially contemporaneously with the 
rock silicates. 

Rogers, in a recent paper,’ figures chalcocite associated with 
bornite from the Evergreen mine and suggests that the chalcocite 
is a product of upward enrichment. Chalcocite is a very incon- 
spicuous mineral at this mine and is seldom recognizable except 
under the microscope. In one of the specimens examined chal- 
cocite is irregularly associated with chalcopyrite and bornite. 
The origin of this particular chalcocite appears to be indeter- 
minate. In most other specimens, however, chalcocite has de- 
veloped along incipient fractures in the bornite and along con- 
tacts between bornite and silicate minerals. This relationship 
between chalcocite and bornite is totally different from the rela- 
tionship between bornite and chalcopyrite and is taken to indi- 
cate that the chalcocite is secondary. As the mine workings are 
all shallow it is impossible to say whether it was deposited by 
ascending or by descending solutions, but I am much inclined to 
accept the latter and more usual explanatioin of origin. 

The writer believes that the dominant sulphides of this mine, 
chalcopyrite and bornite, were probably concentrated by proc- 
esses of magmatic differentiation from the monzonite magma, 
and that the wollastonite and garnet of the ore-bearing dikes 
indicate an absorption of calcareous material from wall-rocks. 
The basis for this conclusion is fully set forth in the earlier paper 
already referred to. 


TITANIFEROUS IRON ORES. 


The Tertiary monzonite stocks of Caribou and of Bald Moun- 
tain northwest of Caribou, unlike the other monzonite stocks of 
the region, inclose a number of bodies of mafic (“basic”) rock 
that are clearly products of magmatic differentiation within the 
monzonite magmas. The extreme products of this differentia- 
tion are several bodies of iron ore that are too highly titaniferous 
to be successfully treated at the present time and are probably 


8 Rogers, A. F., “Secondary Sulphide Enrichment of Copper Ores with 
Special Reference to Microscopic Study,” Min. and Sci. Press, October 31, 
1914, p. 686. 
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too small and inaccessible ever to be profitably worked. From 
the standpoint of the genesis of titaniferous iron ores and the 
mechanism of magmatic differentiation, the deposits show some 
interesting features. 

The greater part of the Caribou and Bald Mountain stocks is 
monzonite and quartz monzonite of gray color and medium 
coarseness. Inclosed within these rocks and forming not more 
than 5 per cent. of the surface of the stocks are a number of 
small irregular bodies of dark-colored rocks rich in iron-bearing 
minerals. The largest of these bodies is only about one-fourth 
mile in greatest diameter. Within these areas of mafic rock, in 
turn, occur small bodies of titaniferous iron ore. In places the 
contacts between the iron ore and the mafic rock that incloses it, 
and between the latter and the monzonite, are sharp, but in many 
other places complete gradations occur between these rock types, 
so that in general it is clear that the iron-rich rocks are differ- 
entiates from the monzonite magma, the differentiation being 
followed locally by intrusion of the more mafic into the less 
mafic types. It was not practicable in the field to obtain a series 
of fresh samples along any single line extending from the iron 
ore to the normal monzonite, but the specimens collected are be- 
lieved to be fairly representative of most of the differentiation 
types. The rock types present are quartz monzonite, monzonite, 
olivine monzonite, gabbro, hornblende gabbro, hornblendite, mag- 
netite-rich gabbro, magnetite peridotite and magnetite pyrox- 
enite. The description of these rocks here is unessential but 
analyses of a number of them are given in Table I. 

It has been well established, largely through the researches of 
Vogt® and of Kemp,’° that the titaniferous iron ores are almost 
exclusively products of magmatic differentiation. It has further 
been shown by Vogt, that in 500 or so known occurrences of 
titaniferous iron ores the parent rock was commonly a gabbro 

9 Beyschlag, Krusch and Vogt, “ Die Lagerstatten der nutzbaren Mineralien 
und Gesteine, I., pp. 247-253, 1910. Also J. H. S. Vogt, Zeitsch. fiir prak. 
Geol., vol. 8, pp. 233-235. 1900. 


10 Kemp, J. F., “ A Brief Review of the Titaniferous Magnetites,” Columbia 
School of Mines Quarterly, 1899. 
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TABLE I. 
ANALYSES oF StocK Rocks FRoM CARIBOU AND VICINITY. 
56.64 .044| 44.26) .738 | 36.77 .613  30.47|.508| 27.71 | .462| 9.60} .160 
[17.00 .167| 13.95 | .137| 10.29.1090! 9.04/.089| 2.92/.028| 6.27) .062 
Fe:03 .019 7.84| .049 | 10.54, .066/| 16.37)|.103] 21.80) .136] 44.72) .279 
FeO | §.06 8.87) .124| 12.11 .168| 14.91 |.207| 15.70|.218| 25.31 | 
MgO 2.79 .070| 6.59|.165| 9.34) .234} 7-86 | .197| 17.98|.450| 5.16) .129 
CaO 6.20 .III | 10.41|.186| 12.26|.219| 9.33|.166| 6.83|.121| 3.75) .067 
Na:O 3.16 .o51 1.81 | .029| 1.16 .o19 O12 19 | .003 .002 
K:0 | 3.40 .036| 1.75|.019| 1.38 .or15 2.89 .031| none |none trace trace 
.31 | .32 54 | 
H.0+ .70 1.54 1.70 1.32 3-51 | 
.8r 1.41|.018| 2.49 .031| 2.52).032| 2.69) .034] 4.48) .056 
ZrOz none none | 
CO2 | none +33 22 
| .003 .85  .006 | I.40,.010| 2.87|.020| none none 08 | .oor 
SOs | none none | | | | 
F | none, none | | 
| .03 13 | | .69 | 04 | | 
Cr2O3 | none none 
NiO none none | *.03| *.03 | | 
MnO +20 .003 -I9 | .003 +23 | .003 .39 | .006 .22 | .003 
BaO .06 .09 | trace | 
SrO__|trace 363) __.02] 04} trace | 
Total |99.91 100.32 |100.63 | 100.12 | 100.40 100.03 
Sp. Gr. | | | | 
Powder 2.837 3.074 | 3.288) | 3-374 3.564) n.d. 
A. Quartz monzonite from one mile south of Caribou. 
B. Gabbro from same locality as A into which it grades. 
C. Hornblendite. Dump of Up-To-Date mine, one mile northwest of Caribou. 
D. Magnetite-rich gabbro. Dump of Caribou mine. 
E. Magnetite peridotite (iron ore), one-half mile south of Caribou. 


F. Magnetite pyroxenite (iron ore), Caribou. 
Analyses A to E are by George Steiger. 
Columns a, b, c, etc., give the molecular proportions calculated from the 
percentage weights given under A, B, C, etc. 
* CoO instead of NiO. 


Analysis F is by E. P. Jennings. 


or norite or in rare instances an augite or nephelite syenite. The 
amount of silica in the parent rock is in most cases between 48 
and 54 per cent., more rarely between 54 and 56 per cent. In 
the somewhat metamorphosed deposits of the Rodsand-Erzfeldes 
in Norway, Vogt"! believes that he can trace the process of mag- 
matic differentiation from a granitic parent magma into a gab- 
broid magma and finally into the iron ores. The Caribou deposits 


11 Vogt, J. H. S., Zeitsch. fiir prak. Geol., 1910, p. 65. 
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are somewhat analogous to the Rodsand occurrence, except that 
the parent magma was monzonitic (51.43 to 56.64 per cent. SiO, 
and 0.76 to 0.94 per cent. TiO,). The monzonite has differen- 
tiated into gabbroid rocks (30.47 to 44.66 per cent. SiO, and 
1.41 to 2.56 per cent. TiO,) and these into iron ores. In the 
majority of described occurrences of titaniferous iron ores* the 
TiO, content of the parent rock is from 0.3 to 1.0 per cent. 


A B Cc D_E£ 


PRopoRTIONS 


MOLECULAR 


k 
> 
& als 
Q NG 
z 
ule 
ule 
: 
= N 
N 
~ 
° 
= z in 
W 
N 
N < 
kK 
« / 
FeO 
Fe, % 
Als Q) MACNES)4 
N 
ALUMINA (Cao 
44a 
Fa, Q Ti 


564 44.2 96.8 305 27.7 9.6 
PERCENTAGE WEIGHTS OF SILICA 


Fic. 42. Diagram illustrating chemical relations of stock rocks near Caribou. 


while that of the derived iron ore seldom falls below 4 or 5 per 
cent. and frequently exceeds 15 per cent. 

A feature of especial interest in this deposit is the dual char- 
acter of the differentiation as a result of which there are pro- 
duced, within the same body of gabbro, two types of iron ore. 
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One type consists solely of magnetite, ilmenite and augite, and 
the other mainly of magnetite and olivine. These two types are 
represented by analyses E and F of Table I, and are plotted as 
E and F in Fig. 42. From a study of this figure it will be 
seen that the differentiation in its later stages at least has pro- 
ceeded along two lines, one of which led to rocks (such as E) 
very rich in magnesia while the other led to rocks comparatively 
poor in magnesia (such as F). The tendency toward the de- 
velopment of one suite of rocks rich in magnesia is apparent 
even in some of the more siliceous rocks of the series for some 
of the monzonites (not analyzed) are olivine-bearing; strictly, 
therefore, the broken lines in Fig. 42 should probably extend 
farther into the left hand side of the diagram. 

The dual process of differentiation just described appears to 
be somewhat unusual or at least has not hitherto been described. 
Vogt? in certain Norwegian occurrences has noted two correl- 
ative lines of differentiation, but these have led not to two types 
of iron ore but to spinel-bearing iron ores along one line, and to 
olivine gabbros and peridotites very poor in iron oxides, along 
the other line. 

Minor chemical features worthy of mention are the small 
percentage of sulphur, increasing slightly towards the iron-ore 
end of the series, the presence of small amounts of cobalt but no 
nickel in some of the rocks, and the absence of chromium in all 
that were tested for this metal. 


DOWNWARD ENRICHMENT. 


The gold-silver ores are the only ones that in this region have 
been affected in an important degree by downward enrichment. 
As, however, these constitute the dominant ore class the process 
has been one of much importance. Enrichment in one or all of 
the metals, gold, silver, and copper has taken place; enrichment 
in lead and zinc has been inconsequential. As in most mountain- 
ous regions the ground water level is very irregular; in most 
veins it originally stood 50 to 150 feet below the surface. 

12 Vogt, J. H. S., Zeitsch. fiir prak. Geol., vol. 8, pp. 234-235, 1900. 
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Gold Enrichment.—Weathering of the ore in the oxidized 
zone results in a partial freeing of the gold from its matrix, thus 
exposing it to mechanical concentration and to the solvent action 
of waters that enter the upper parts of the lodes. The enrich- 
ment in gold observed in the oxidized zone of ore bodies is prob- 
ably in large part the result of mechanical concentration during 
weathering, a process well understood and requiring no discus- 
sion here, but solution and redeposition of gold may also have 
been operative. It would be expected that whatever gold was 
taken into solution would soon be reprecipitated, for it is well 
known that ferrous sulphate and most of the common sulphides 
including pyrite, chalcopyrite and galena’® are very effective pre- 
cipitants of gold from a chloride solution. As several of these 
precipitating agents are abundant in the lower part of the oxi- 
dized zone it appears unlikely that much gold in solution’* could 
successfully pass them; if it did it could hardly travel far below 
the water level before being precipitated by the primary sulphides. 
These deductions appear to be borne out by the facts of field 
observation which afford abundant evidence of enrichment in 
gold in the oxidized zone but no certain evidence of enrichment 
below it. 

Enrichment in gold in the oxidized zone is characteristic of all 
the types of gold-silver ores in the region, the pyritic ores, the 
galena-sphalerite ores, the composite ores and the telluride ores. 
Its effects are most striking however in certain ores of the 
galena-sphalerite type which, where unoxidized, carry only neg- 
ligible amounts of gold, usually less than 0.1 oz. per ton, whereas 
where oxidized they may carry 1.5 to 3.0 oz. of gold per ton. 
These are the so-called “silver veins” whose surface portions 
were worked by the pioneers for gold alone. 

Although data showing in a systematic way the distribution 
of gold below the oxidized zone are rather meager, such infor- 
mation as is available fails to indicate important gold enrichment 

13 Palmer, Chase and Bastin, Edson S., “ Metallic Minerals of Precipitants 
of Silver and Gold,” Econ. Geot., vol. 8, pp. 156-160, 1913. 


14 No account is here taken of colloidal gold solutions of whose importance 
in nature little is known. 
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below the water-level. In the Iron mine in Russell Gulch, for 
example, which develops a typical pyritic vein, complete records 
of a careful sampling of all parts of the vein fail to show any 
systematic change in the gold content below the oxidized zone. 

Silver Enrichment.—Silver enrichment contrasts strongly with 
gold enrichment in this district in that there is impoverishment 
rather than enrichment of silver in the oxidized zone and notable 
enrichment below the oxidized zone. Furthermore, silver en- 
richment is practically confined to the one type of galena-sphaler- 
ite ores. The primary silver minerals of the region are silver 
alloyed with gold and silver-gold tellurides. Argentite has not 
been authoritatively reported. The secondary silver minerals are 
native silver, cerargyrite, pearcite, polybasite and proustite. 

It is well known that silver is more readily taken into solution 
in the oxidized zone than is gold and is less likely to be reprecipi- 
tated by metallic minerals.’° The poverty in silver of the oxi- 
dized zone is thus readily understood. 

It is well known that in most mine waters of surface origin the 
principal negative radicles present are Cl, CO;, HCO, and SQ,. 
As compounds of silver with all of these are known, it is custom- 
ary to consider the dissolved silver as existing in distributed bal- 
ance with as many of these radicles as may be present. Most of 
the silver balanced by chlorine is likely to be reprecipitated as the 
difficultly soluble silver chloride (cerargyrite) in the oxidized 
zone. Cerargyrite is not a common silver mineral in this district, 
and its rarity is attributed to the low chlorine content of the sur- 
face waters. The silver balanced by carbonate and sulphate 
radicles may pass downward below the oxidized zone. In sul- 
phide ore-bodies like those under consideration, most of the silver 
is presumably in balance with SO,. 

The form in which the silver is redeposited below the ground- 
water level has been described by the writer in an earlier paper in 
Economic Groxocy.'® It is redeposited principally as pearceite 
and proustite and very subordinately as polybasite and native sil- 


15 Palmer and Bastin, ibid., pp. 169-170. 
16 Bastin, Edson S., “ Metasomatism in Downward Sulphide Enrichment,” 
Econ. Geot., vol. 8, pp. 51-63, 1913. 
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ver in vugs or fractures in the primary ore, or as metasomatic 
replacements of the primary ore minerals, both metallic and non- 
metallic. It is significant that in the ores of this region arsenic 
greatly predominates over antimony, both in the primary ore, 
where it occurs principally in tennantite, and in the enriched ores, 
where it occurs in pearceite and proustite. The chemistry of the 
formation of the arsenosulphides of silver is too little understood 
to justify discussion in a summary of this kind, but geological 
observations in this region suggest some limiting conditions that 
may be some guide to experimental chemical work. 

The first point is that the ores carrying secondary arsenosul- 
phides of silver almost invariably carry abundant primary siderite 
or calcite; the solutions that deposited them were not therefore 
highly acid. 

A second significant observation is that downward enrichment 
in silver is practically confined to ores of the galena-sphalerite 
type, and this in spite of the fact that primary silver is abundant 
in all of the other types of gold-silver ores. The dominant min- 
erals of the veins showing silver enrichment are galena, sphalerite 
and carbonates (calcite, siderite or rhodochrosite, one or all); 
pyrite and chalcopyrite are present but are subordinate. In the 
pyritic type of ores, in which silver enrichment is conspicuously 
absent, the dominant minerals are pyrite and quartz; tennantite 
and chalcopyrite are present but are subordinate. 

The causes for this restriction of silver enrichment to veins of 
a certain mineralogical composition are undoubtedly complex, but 
the presence of carbonate gangue minerals in the ores that show 
silver enrichment is believed to be a most important factor. Their 
presence has led to an early neutralization of the free H.SO, in 
the descending silver-bearing solutions. Much of the carbonate 
in these veins is ferruginous (ferruginous calcite and siderite), 
and this by reaction with H,SO, yields ferrous sulphate, an 
effective silver precipitant. Ina timely and suggestive paper pub- 
lished in a recent number of Economic Grotoey, G. S. Nishihara’? 

17 Nishihara, G. S., “The Rate of Reduction of Acidity of Descending 


Waters by Certain Ore and Gangue Minerals and its Bearing upon Secondary 
Sulphide Enrichment,” Econ. Grot., vol. 9, pp. 743-757, 1014. 
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has compared the neutralizing effect of various carbonates, sili- 
cates and sulphides on H,SO, and their activity in reducing fer- 
ric sulphate to ferrous sulphate. It is very significant that the 
pyrite, quartz, and chalcopyrite, the principal minerals of the py- 
ritic type of ores, were in Nishihara’s experiments comparatively 
ineffective in neutralizing H,SO, and in reducing ferric to ferrous 
sulphate. Galena and sphalerite and of course the carbonates are 
comparatively efficient in neutralizing H,SO, and galena is fairly 
active in reducing ferric sulphate. Furthermore, galena and 
sphalerite in solutions of H,SO, or of Fe.(SO,4)3 generate H,S 
which may precipitate secondary sulphides. Nishihara has also 
shown that apparently pure galena from several localities, among 
them Idaho Springs, carries small percentages of manganese pre- 
sumably present as an isomorphous mixture of the sulphide ala- 
bandite. This sulphide evolves H,S very actively when in con- 
tact with acid sulphate solutions and if present in the enriched 
veins of this region may have exerted an important precipitative 
influence. 

It appears therefore that the mineral composition of the galena- 
sphalerite veins that show enrichment is such as to favor (1) early 
neutralization of acidity of the silver-bearing sulphate solutions 
descending from the oxidized zone, (2) the formation of ferrous 
sulphate at the expense of ferric sulphate and sulphuric acid, and 
(3) the development of hydrogen sulphide. All of these features 
are believed to favor silver precipitation. In the ores of the py- 
ritic type on the other hand conditions favor the persistence of 
acidity and the retention of the iron in the ferric state; silver taken 
into solution in the oxidized zone is likely therefore to remain in 
solution and eventually to enter the general ground-water circula- 
tion and be lost as far as the ore-deposit in question is concerned. 

Another point of significance in connection with the silver en- 
richment is the almost invariable association of the secondary 
arsenosulphides of silver with secondary chalcopyrite. In the 
one silver mine where secondary chalcocite is abundant the silver 
occurs in large part native. In this connection it is well to recall 
that chalcocite precipitates silver from dilute neutral silver sul- 
phate solution in part native and in part as argentite, while chal- 
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copyrite precipitates only a compound of silver. The determina- 
tion of the conditions favoring the deposition of secondary chal- 
copyrite as against secondary chalcocite should throw light upon 
certain points in silver enrichment. 

Copper Enrichment—Downward enrichment in copper is not a 
conspicuous phenomenon in any of the mines and from the eco- 
nomic standpoint is of little importance. Commonly it is restricted 
to the development of thin films of chalcocite or of bornite on 
chalcopyrite in the upper portions of pyritic ore bodies, but in some 
veins of the galena-sphalerite type, as already mentioned, small 
amounts of secondary chalcopyrite are developed. 


GENESIS OF THE PRIMARY ORES. 


Relation of Mineralization to Vulcanism.—The ore deposits of 
Gilpin County form.part of a broad mineralized belt whose diverse 
types of ore deposits have one unifying feature, their invariable 
association with Tertiary igneous rocks. Beyond the regions 
characterized by these rocks the ore deposits disappear. This 
association suggestive though it might be would certainly not be 
sufficient basis for concluding that the ores and the Tertiary ig- 
neous rocks were genetically related were it not for the fact that 
a similar association of ores and igneous rocks characterizes prac- 
tically every region where lode deposits of gold and silver have 
been geologically studied. Furthermore, it is probable from the 
geologic observations within this region that the mineral veins 
were formed late in the period of “ porphyry” intrusion, for the 
veins are younger than most of the “porphyry” but older than a 
few scattered “ porphyry” dikes. Furthermore, two classes of 
ores, the titaniferous iron ores and the Evergreen copper ores, are 
products of differentiation from the monzonite magmas. It is 
believed therefore that a genetic connection exists between the 
mineral veins of this region and the Tertiary igneous rocks. 

Agent of Ore Deposition—With the exception of the iron and 
copper ores just mentioned, all of the ore deposits of the region are 
believed to have been deposited by thermal solutions which es- 
caped from the “ porphyry ” magmas probably during their crys- 
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tallization. The “ porphyries” now exposed at the surface may 
have given off solutions which deposited ores at horizons above the 
present surface but the solutions which deposited the veins and 
stockworks came from bodies of igneous rock still deeply buried, 
as is shown by the fact that the veins, with few exceptions, cut the 
“porphyries”” now exposed. There appears to be no basis for 
the belief locally current that the occurrence of an ore deposit in 
or near “porphyry” is a favorable indication; the relations be- 
tween ores and “ porphyries”’ are of a much larger and more gen- 
eralized order than that implied in any such concept. 

Regional Variations in Mineralizing Solutions—Not only did 
the composition of the mineralizing solutions change during the 
ore-forming period as will later be shown, but there is evidence 
that solutions that were strictly contemporaneous were of different 
composition in different parts of the district. The ores of the 
pyritic type, for example, appear to have been deposited about 
contemporaneously in the early part of the mineralization period, 
yet among these are several sub-types, narrowly restricted areally, 
which show mineralogical peculiarities. Such are the enargite 
and fluorite-bearing veins, and the pitchblende veins whose limits 
of distribution are shown in Plate XII. Analogous variations 
occur in ores of the galena-sphalerite type, for example, the oc- 
currence of rhodochrosite in a few veins on Seaton Mountain and 
near the head of Gilson Gulch. Such variations can not be satis- 
factorily explained by differences in the nature of the wall rocks 
or in other external conditions and must be attributed to local 
peculiarities in the composition of the solutions which rose through 
the fissures and deposited the ores. 

Sequential Variations in Mineralizing Solutions.—It has been 
shown by a large number of observations that where the two 
principal types of sulphide ores of this region, the pyritic type and 
the galena-sphalerite type, occur together, the former is invariably 
the older. The interval between the deposition of the two types 
was sufficient for the fracturing of the pyritic ores by renewed 
movement along some of the veins and for the development of 
some new fractures. It may not everywhere have been of the 
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same duration but it appears probable that geologically speaking 
it was short and is to be interpreted as an episode in a single gen- 
eral ore-forming period rather than as a notable hiatus between 
two distinct periods. Certainly both ore types were deposited 
under similar general conditions as regards depth and tempera- 
ture, followed the same or parallel lines of fracturing, and appear 
to be broadly coextensive geographically. Moreover, at Lead- 
ville, within the same great metallogenic province, where ores sim- 
ilar to the pyritic and galena-sphalerite types of this quadrangle 
are also present, J. D. Irving states'® that while the pyritic por- 
tions of the ores were in general the first to be deposited no hiatus 
is recognizable between them and the galena and sphalerite rich 
portions of the ores. An hiatus if present would presumably be 
less readily recognizable in replacement ores like those of Lead- 
ville than in ores that are fissure fillings, or it may be that miner- 
alization that progressed pulsatingly in Gilpin County progressed 
more uniformly at Leadville. 

Temperature and Pressure of Ore Formation—For his con- 
cept of the temperature and pressure under which ore deposits 
were formed, the geologist is dependent (1) upon physiographic 
and stratigraphic evidences of the extent of erosion subsequent to 
mineralization, (2) upon direct laboratory data in regard to the 
stability ranges of various ore minerals, and (3) upon indirect 
knowledge of the conditions under which certain ore minerals are 
stable, based upon estimates of the amount of post-mineral erosion 
in a large number of mining districts. Only meager data are as 
yet available for the application of the second method. Through 
the application of one or more of these methods it is possible in 
most cases to determine whether the ores were formed under con- 
ditions of great, moderate or slight intensity as regards tempera- 
ture, pressure, or both even though it may not be possible to ex- 
press these conditions accurately in degrees of temperature or in 
pounds per square inch of pressure. 

In the present case the application of the first method is attended 
by many uncertainties, but from the data available 7,000 to 11,000 


18 Oral communication. 
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feet appears the most probable depth of formation of most of the 
deposits. Ata depth of 9,840 feet (or 3,000 meters) the hydro- 
static pressure would be about 300 atmospheres and the rock pres- 
sure about 810 atmospheres. Under the “normal” increment, 
the temperature at a depth of 9,000 feet would be about 100° C. 
This may be regarded as the minimum possible temperature of ore 
formation; the method gives no clue to the actual temperature. 

The mineralogy of the ores is presented in tabular form in 
Table II. This table shows that in all the ores believed to be 
deposits from thermal waters there is an entire absence of min- 
erals diagnostic of very intense conditions or of low temperature, 
shallow conditions. The absence of silicates, except adularia and 
sericite, is noteworthy. Oxides, except silica, are not present as 
primary minerals. Pyrrhotite, a sulphide characteristic of in- 
tense conditions, is absent. Chalcedony, a mineral occurring 
usually in deposits of shallow origin, though locally in those 
formed under conditions of moderate intensity, is present only 
in small amounts in a few telluride veins. Realgar, orpiment, 
stibnite and many other minerals characteristic of deposits formed 
at slight depth are absent. On the other hand tennantite and 
enargite whose principal habitat is in deposits formed under 
moderately intense conditions are abundant in certain of the 
veins of this region. 

The mineralogic as well as the physiographic and stratigraphic 
evidence points therefore to the formation of the gold-silver 
lodes, the pitchblende ores and probably also the tungsten ores 
under conditions of moderate intensity. The depth of formation 
was probably 7,000 to 11,000 feet. Direct evidence of the tem- 
perature of formation is lacking, but from analogy with similar 
deposits elsewhere its probable limits may be placed at 150° to 
300° 

Composition of Mineralizing Solutions ——The composition of 
the solutions which deposited the gold-silver ores and pitchblende 
ores may be inferred in a qualitative way from the mineralogy 
of the ores and the wall-rock alterations. To summarize without 
detailing the evidence: It appears that these solutions were alka- 
line or neutral in character and that they were rich in alkali 


290 


EDSON S. BASTIN. 


TABLE II. 


Ore MINERALS OF CENTRAL CITY QUADRANGLE, COoLo. 


Note.—List includes minerals developed metasomatically in wall-rocks as 
well as those that are fissure-fillings. 


Moderately Intense Conditions. 
Minerals. = 
ib vergreen riti alena- 
Native elements. | | 
Sulphides. | 
Molybdenite.......]... p* p* 
Tellurides. | | 
Sulpho-compounds. | | 
Haloids. 
Oxides. | | 
Ilsemanite (MOxz. 
Carbonates. | 
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i ‘stallized | Primary Gold-silver Ores Deposited by 
Primary, O | Thermal Solutions Under 
aad | Moderately Intense Conditions. 


Minerals. 
Caribou | Evergreen |  Pyritic Galena- 


Telluride 
Iron Ores, | Mine Cop- | Ore Type. | Sphalerite 


Ores. 


per Ores. Ore Type. 


Carbonates. | 
Malachite..........)... | 
| 
| 


Silicates. 

| 
| 


Serpentine.........]... | | | 

Uranates. | | 

Sulphates. | | | 
Hydrous sulphate of, | 

| 


| 


iron and copper. . 

Basic sulphate of 
uranium, exact 
composition not! | 
determined, found | 
coating uraninite | 


at Wood mine,, 
canary yellow.... 


Goslarite........... | 


Note—P, primary minerals; S, minerals of secondary sulphide zone; O, 
oxidation products; * indicates mineral is of rare occurrence. 


earths; during the early stages of the mineralization they were 
rich in iron and silica and during the later stages rich in lead, zinc, 
carbonate and bicarbonate; they carried lesser amounts of copper, 
arsenic, antimony, gold and silver. Locally they carried manga- 
nese, sulphate, barium, tellurium, fluorine, uranium and vanadium. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


MINERALOGICAL CONSTITUENTS OF CLAYS. 
DISCUSSION OF PAPER BY M. G. EDWARDS. 


Sir: In a recent paper, M. G. Edwards’ has sought to show the 
occurrence of aluminum hydrates in clays of the United States 
by recalculation of a large number of chemical analyses. In this 
recalculation “‘ Alumina, silica and water are combined in the 
proportions required for the composition of kaolinite. If this 
calculation uses up all the alumina, leaving an excess of silica, 
there is obviously no aluminum hydrate in the clay. But if 
there remains some alumina in excess it may reasonably be at- 
tributed to one of the aluminum hydrates, diaspore, bauxite or 
gibbsite, depending upon the relative percentages of alumina and 
water excess.”? 

His conclusion is that “the occurrence of aluminum hydrates 
is more or less widespread in the clays of the United States.’ 

Apropos of this paper, H. Ries has communicated a paper 
under the same title’ in which are given several very cogent 
reasons why it is unsafe to make an interpretation of the mineral- 
ogical composition of a clay from its chemical analysis. In the 
last paragraph he states that 


1“The Occurrence of Aluminum Hydrates in Clays,” Econ. Geox. IX., 
112-121 (1914). 

2 Edwards, loc. cit., p. 115. 

3 Econ. Geor., IX., 402-404 (1914). 
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“What is needed at present is more detailed petrographic work on 
clay, and fewer deductions from the chemical analysis.” 


Ries has also stated that 


“More attention has been given to the mineralogy of soils than of 
clays, but since the former are in many cases nothing more than sur- 
face clays, what is true of the one is more or less so of the other.’’* 


a statement which appears perfectly valid. 

For several years the Bureau of Soils has been carrying on 
mineralogical work on soils, and a very large number of mineral- 
ogical analyses have been made. Many of the samples examined 
are essentially clays in the sense in which the word is used in the 
brick and other coarse ceramic industries. Consequently the re- 
sults would appear to be applicable in any discussion of the 
mineralogy of clays. Furthermore, the formation of soils and 
clays from rocks consists of two more or less distinct processes : 
a physical process in which the rock is reduced to fragments; 
and a chemical process in which the rock, or its fragments, is 
acted upon by various chemical agencies, the effects being solu- 
tion, decomposition, and possibly the interaction of resultant 
materials with the formation of new substances. There would 
seem to be practically no limit to the process of fragmentation; 
and consequently the mineralogic constituents of the rock would 
be expected to be present to some extent even in the finest 
products of the weathering, unless it is assumed that all ex- 
tremely fine material is decomposed. Such an assumption does 
not seem to be justified, especially in the case of such resistant 
minerals as quartz, rutile, and others. It therefore appears that 
all mineralogical soil analyses should be relevant to some extent 
to the mineralogy of clays; and, for this reason, it is thought 
desirable to give a brief resume of the work of this Bureau along 
this line. 

The methods of mineralogical soil analysis are essentially 
those of the petrographer. The material to be examined is 
mounted in an oil of definite refractive index, and the optical 


4 Clays, 2d edition, p. 41, New York, 1908. 
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properties, including the refractive index, determined as usual. 
All minerals are determined which are of sufficient size and 
freshness. In certain cases the sample is put through a mechan- 
ical analysis before examination, and all particles of diameter 
less than 0.005 mm. are discarded. No statement as to the 
mineralogical composition of this extremely fine material can be 
made. It should be noted, however, that the clay (diam. below 
0.005 mm.) of mechanical analysis is not identical with the term 
as used in ceramics. Many brick and other clays contain a con- 
siderable amount of material much coarser. 

The published results’ so far show the presence in American 
soils of the following minerals : 


Quartz Glaucophane Iddingsite Zircon 
Orthoclase Enstatite Olivine Tourmaline 
Microcline Hypersthene Epidote Rutile 
Albite Diopside Zoisite Ilmenite 
Oligoclase Augite Piedmontite Titanite 
Andesine Diallage Kaolin Fluorite 
Labradorite Calcite Apatite Staurolite 
Anorthite Dolomite Glass Corundum 
Muscovite Chlorite Sericite Sillmanite 
Phlogopite Topaz Limonite Cyanite 
Biotite Axinite Hematite Andalusite 
Actinolite Serpentine Magnetite Pyrophyllite 
Hornblende Garnet 


Smith and Fry°® have reported the following minerals as oc- 
curring in material collected by sedimentation from five-gallon 
samples of water from the Potomac and Shenandoah Rivers: 


5 Robinson and McCaughey, Jour. Indus. Eng. Chem., 2: 462-463 (1910) ; 
Robinson and McCaughey, U. S. Dept. Agr., Bur. of Soils, Bull. 79 (1911) ; 
Coffey, U. S. Dept. Agr., Bur. of Soils, Bull. 85 (1912) ; McCaughey and Fry, 
U. S. Dept. of Agr., Bur. of Soils, Bull. 91 (1913) ; McCaughey and Fry, in 
Robinson, W. O., Dept. of Agr., Bull. 122 (1914) ; Robinson and Fry, Eighth 
Internat. Cong. App’d Chem., Orig. Comm., XV.: 215-216 (1912) ; Fry, Jour. 
Indus. Eng. Chem., 5: 30-32 (1913), Chem. News, 107: 229-230 (1913) ; Fry, 
Jour. Indus. Eng. Chem., 5: 664-665 (1913). 

8 Jour. Indus. Eng. Chem., 5: 1009-1011 (1913). 
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Quartz Labradorite Garnet Hornblende 
Orthoclase Muscovite Chlorite ? Femic Mineral? 
Microcline Biotite Tourmaline Zircon 
Plagioclase Calcite Magnetite Rutile 


Of course not all of these minerals have been found in any one 
sample. Nor were the various minerals, such as gypsum, usually 
found in alkali soils taken into consideration. The lists show, 
however, that soils and river sediments are very complex min- 
eralogically. 

As a general rule, the finer mechanical separates of soils con- 
tain larger percentages of minerals other than quartz than do 
the coarser separates. Often the actual number of mineral spe- 
cies in the finer separates is greater than in the coarser separates. 
There seems to be no reason why these relations should not hold 
in the particles of less diameter thati 0.005 mm. as well as in the 
larger particles. Indeed, chemical analyses of mechanical sep- 
arates’ indicate a greater complexity for the clay than for coarser 
material. 

While aluminum hydrates probably occur in clays, the fore- 
going data would seem to indicate that clays are much too com- 
plex to permit of their being reduced to a kaolinite formula or 
of the assumption that kaolinite is the base. 

H. Fry, 


7 See Failyer, Smith, and Wade, U. S. Dept. Agr., Bur. of Soils, Bull. 54; 
Steinkoenig, Jour. Indus. Eng. Chem., 6: 576-577 (1914). 
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REVIEWS 


Geology of To-day: A Popular Introduction in Simple Language. By 
J. W. Grecory. 58 illustrations and diagrams. Length 12 mo. Cloth. 
$1.50 net. J. B. Lippincott Company, Philadelphia. 

For the not very appropriate title of this work Professor Gregory is 
evidently not responsible, the book forming one of a series whose mem- 
bers the publishers have similarly entitled “ Astronomy of To-day,” etc. 
The sub-title sufficiently indicates the character of the present manual, 
which is divided into four parts—Introductory, Physical Geology, His- 
torical Geology, and The Story of Life on the Earth. 

The treatment is necessarily general and the book is not suitable for a 
text-book. It should however appeal to a considerable class of readers 
who are interested in the general results of science but do not care to 
pursue any branch exhaustively. It has the advantage over some pop- 
ular handbooks in that it is the work of a distinguished geological inves- 
tigator, not a compilation by one who gathers his facts all at second hand. 
The statements in general are accurate, reliable and up to date. The 
author, moreover, is an unusually clear and attractive writer. 

It is of interest to note that Professor Gregory accepts as highly prob- 
able the supposition that the interior mass of the earth is composed of 
nickel-iron. He dismisses rather too briefly the hypotheses of Chamber- 
lin and Moulton on the origin of the planet and barely mentions Daly’s 
contributions to our hypotheses regarding the constitution and mechanics 
of the earth’s interior. On the other hand, he appears to take rather 
more seriously than most American geologists the incursions of Prof. 
T. T. J. See into the fields of geology and cosmogony. Ore deposits, 
except the bedded iron ores, are not considered. 

The book is excellently illustrated and contains a number of exception- 
ally fine views of the Javan volcanoes. 

F. L. RANsoME. 
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SCIENTIFIC NOTES AND NEWS 


Mr. A. A. Hassan, of Brooklyn, N. Y., has just completed a 
preliminary examination of the gold deposits in Montgomery 
County, Md. He expects to continue his examination during 
the present summer and to write a report upon the region for 
Economic GreoLtocy. Mr. Hassan has recently been appointed 
consulting engineer of the Crimora Manganese Corporation in 
Virginia. 

THE HONORARY DEGREE of doctor of science was conferred by 
the University of Alberta, Edmonton, at the annual convocation 
on April 28 on W. F. Ferrier, mining engineer and geologist of 
Toronto. Mr. Ferrier is widely known for his field work in 
western Canada and western United States. 


Freperick G. Ciapp, of Pittsburgh, has recently returned 
from a year and a half spent in geological explorations in China. 


G. M. Butter and G. J. Mitchell, of the School of Mines of the 
Oregon Agricultural College, are making a reconnoissance of the 
mineral resources of Curry County, Oregon, for the Oregon 
Bureau of Mines and Geology. 


Mr. Lioyp B. Smiru, of the Associated Geological Engineers 
of Pittsburgh, has just returned from a trip to the oil fields of 
Mexico and Central America. 


THE GEOLOGICAL Survey of West Virginia has issued recently 
a Detailed Report on Boone County, by C. E. Krebs. A descrip- 
tion is given of all the rich coal beds and other geologic forma- 
tions exposed ih the county. 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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Tue RoyaL Ontario MuseuM oF MINERALOGY, Toronto, 
Ontario, has prepared a few sets of rocks and minerals represent- 
ing the Sudbury mining region and would be pleased to exchange 
them for a series of mineral specimens from prominent American 
mining regions. 


Mr. Herspert M. WILSON, engineer in charge of the Pitts- 
burgh Experiment Station of the United States Bureau of Mines, 
has resigned from the government service to become the director 
of a newly formed organization to be known as the Coal Mine 
Insurance Association, a combination of American and British 
insurance companies for the joint underwriting of coal-mine acci- 
dent insurance. 


DuRING THE PRESENT SUMMER twelve parties from the Alaskan 
division of the United States Geological Survey are continu- 
ing the systematic surveys and investigations that have been in 
progress for the last eight years. Of these three are in south- 
eastern Alaska, one in the upper Chitina region, one at Port 
Valdez, two in the Turnagain Arm-Knik region, one in the 


Yukon-Tanana region, two in the Ruby-Kuskokwim region; one 
party will traverse the little known area lying between the Ruby 
district and the Tanana River, and another will be engaged in 
general investigations in different parts of the Territory. 


Dr. Battey WIx.1s, of the U. S. Geological Survey, Washing- 
ton, D. C., has been appointed head professor of geology in the 
Leland Stanford Junior University, filling the vacancy left in this 
department when Dr. John C. Branner became president of the 
university. 
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